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BETTER GRASSLAND ...| 


better contact 





BY Appointment to 
H M. The Queen 
Seed 





IT IS ALWAYS WISE to ask the people 
who really do know about seeds. The grass 
crop is undoubtedly the most important 
single factor in our agricultural economy. 
How vital it is, therefore, to start off with 
the right advice and the right mixtures. 


Throughout our long history we have made 
it a point to be in a position to offer advice 
on grassland no matter what the problem. 
We look upon that as part of our service 
to Agriculture. 


As a first step read The Book of Dunns 
Farm Seeds 1960. It is post free on request. 


SALISBURY 


Telephone: Salisbury 6666 


DUNNS FARM SEEDS LTD 


Britain’s Premier Seedsmen 








GOVERNMENT OF THE 
FEDERATION OF RHODESIA AND NYASALAND 


PLANT PATHOLOGISTS AND AGRONOMISTS 
DEPARTMENT OF RESEARCH AND 
SPECIALIST SERVICES 
MINISTRY OF AGRICULTURE 


Applications are invited for the following posts in a 

salary scale ranging from £735 p.a. to £1,732 10s. p.a. 
Additional qualifications and experience will be 
taken into account in assessment of commencing 
Salary. 
(a) SEEDS RESEARCH OFFICER [Branch of 
Botany and Plant Pathology (Seed Services 
Section)]: Applicants must hold at least a B.Sc. 
degree with Honours in Plant Pathology. 
Experience in statistics and general agronomy 
would be an advantage. 

Duties include the study of routine methods of 

screening samples for seed borne diseases and the 
co-operation with agronomists in the various 
Research Stations in investigations of production 
problems relative to seed problems. 
SEED INSPECTOR: Applicants must hold at 
least a B.Sc. (Agric.) degree. An Honours degree 
and experience in Plant Pathology would be an 
advantage. 

Duties include crop inspection for the purpose 
of certification, advisory work on the production 
of grain, vegetable, potato, tobacco and flower 


(b 


~ 


seed. 

(c) AGRONOMIST: Matopos Research Station. 
Applicants must hold at least an Honours or a 
four-year degree in Agriculture. 

Duties include experimental agronomy on dry 
land and irrigated crops, plant improvement and 
crop ecology work. 

Application forms and further details from the 

a (R), Rhodesia House, 429 Strand, London, 

W.C.2. 
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MANGANESE 


is essential to Poultry 






Because a deficiency can cause:— 
®Perosis (slipped tendon) of chicks 

and turkey poults ® Infertility of eggs 
e Reduced hatchability of eggs 
® Brittle shells © Cannibalism 









. +. protect your birds by adding 4 
to 8 ounces of Manganese Sulphate 
to each ton of the complete diet. 







Insist that your purchased mashes and j 
pellets contain sufficient manganese and | P " ap 1B gee _— | 
make sure your home grown foods are | manganese deficiency | 
supplemented with this vital nutrient. | Sine Ne he OS of LS al 


Chemical & Carbon Products Ltd 


14) NEW BURLINGTON STREET, LONDON, W.1. TELEPHONE: RECENT 192] 
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It lifts fast enough now— 


but how will it go 
in winter? 


Answer: This winter, get far faster hydraulic action (and faster 


tractor-starting, too) on either 


SHELL OR BP ENERGOL TRACTOR OIL UNIVERSAL 


YDRAULIC equipment can be slowed 

down drastically by winter cold. 
But this year yours can actually perform 
up to five times quicker - more smoothly, 
with less strain- when you change 
your farm over to either Shell or BP 
Energol Tractor Oil Universal. 


Here’s The Secret 


The secret of the amazing performance of 
these multi-purpose oils is that they change 
far less in thickness between hot and cold 
than ordinary oils. They never become too 
thick — so can never slow down hydraulics. 
Even at 30°F (a familiar temperature at 
6 a.m.) they stay much more fluid than 
other ordinary oils do at 50°F. 

Tests by The National Institute of 
Agricultural Engineering proved this 
beyond contention. And after other tests, 
conducted in the winter cold of Sweden, 
the consulting engineer reported: ““The 
tests have shown clearly that . . . this 
universal oil is far superior to the trans- 
mission oils usually recommended.” 


In Starting Too 
No more bad starting! Because these 
amazing oils do not thicken up at low 
temperatures, as ordinary oils do, there is 
less drag on your engine when starting 
from cold. Your engine is free to turn over 
more easily-and therefore starts more 


easily - even when the weather is freezing. 


Just One Oil 

When you switch to either Shell or BP 
Energol Tractor Oil Universal just the 
one oil does every job. Use it in the 
Engine, the Transmission, Hydraulics - 
the lot. And use just the one oil all the year 
round. No more storage problems, and 
no more danger of using the wrong oil in 
the wrong place. So you save time, 
trouble, and money. 


Approved For Your Tractor 
Both these oils have been proved in service 
and were the first multi-purpose oils to be 
tested and approved by all Big Five tractor 
manufacturers. Approved for all Fordson 
tractors made since 1952. All Massey- 
Ferguson tractors made since 1946, 
International Harvester models B450, B275, 
and B250. David Brown 850 and 950 
Implematic Tractors and Tractors series 
900 and 950. Nuffield Universal Three 
and Four tractors. 


Here’s What To Do 
To switch your farm over to either Shell 
or BP Energol Tractor Oil Universal, ask 
your local Distributor for products 
supplied by Shell-Mex and B.P. Ltd to 
show you the facts about these two 
multi-purpose oils om your own farm. 
(You'll find his address in the telephone 
book.) Do it NOW - before winter comes! 


Please mention AGRICULTURE when corresponding with Advertisers 
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THE SHELL AND BP FARM SERVICE 
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Electricity can dry 
your grain economically 
and automatically 


Grain drying consists basically of passing air 
through the mass of grain to extract the 
moisture and carry it away to atmosphere. It 
is only necessary to warm the air before 
passing it through the grain to increase its 
moisture-carrying capacity. 

Electric grain-drying equipment avoids 
any risk of overheating and ensures even 
drying. Electric grain-drying methods are 
economical in space requirements, first costs 
and labour. There are electric grain-driers 





for any size of farm which will dry grain in 
bulk, in sack or in batch. There are also 
driers which will dry both grain and grass. 


Why not consult your Electricity Board 
for details of how electricity can help with 
your grain-drying problems. 


A series of films on the use of electricity in 
agriculture are available on free loan from the 


Electrical Development Association, 
2 Savoy Hill, London, W.C.z. 


It pays to use more electricity 


Please mention AGRICULTURE when corresponding with Advertisers 
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THE BEST INVESTMENT 
IN THE FARMING WORLD TODAY 
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HYDRAULIC POWER 


The hydraulic power unit combines 
an inbuilt lift operating the draft 
links and two external tappings for 
use with hydraulic rams on various 
types of equipment and tipping 
trailers. 

Anew positive-actuation hydraulic 
lift lever controlling the linkage 
provides a simple means of trans- 
ferring weight from implement to 
tractor. 
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MORRIS MOTORS LTD. (AGRICULTURAL DIVISION), COWLEY, OXFORD. 
Overseas Business: Nuffield Exports Ltd., Oxford and 41-46 Piccadilly, London W.1. 


U.191 








The powerful Nuffield Universal Four (56 b.h.p.) and 
the lighter ‘Three’ (42 b.h.p.) are both fully engineered 
for complete versatility on the farm. A Nuffield Tractor 
costs very little more initially but it lasts longer and 
does more work to the gallon of fuel. See your nearest 
Nuffield Dealer now! 


Land-proved features offered include : 


B.M.C. DIESELS The ‘Three’ and ‘Four’ models are powered 
rag by 2:55 litre, 3 cylinder and 3-4 litre, 4 cylinder 

B.M.C. diesel units. Easy starting, smooth running and 
low fuel consumption are characteristic features. 


POWER TAKE-OFF AND INDEPENDENT POWER TAKE-OFF 


P.T.O. is engaged by means of a dog-clutch. 
Power for I.P.T.O. is transmitted via a 
separate plate-clutch which is operated by 
and lever, the system allows non-stop 
cuene at the headlands with a temporary 
interruption of the implement drive. 


DIFFERENTIAL LOCK 
\ A pedal-operated hold-in lock produces 


IF Wal rigid axle drive for extra wheel grip on 
a2 waterlogged ground. When pedal pressure 
=> is relaxed normal differential drive becomes 
: effective. 

EASE OF CONTROL 
Deep seats automatically correct for angle and leg length. 
Handy controls, shields and non-slip surfaces ensure 
comfort and safety. Five-speed gearboxes provide a wide 


range of speeds for field and road work. Unit construction 
simplifies maintenance. 


TWELVE MONTHS’ WARRANTY and backed by B.M.C. Service. 


Your Nuffield Dealer will tell you all about 
standard features and the wide range of extra 
equipment available. 
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Grazing Winter Cereals 


J. D. HayEs, B.Sc., M.S. 
Welsh Plant Breeding Station, Aberystwyth 


Investigations at Aberystwyth have shown that winter cereals can provide 
a substantial quantity of forage at a critical period of the year. Although 
winter rye is the most productive cereal, it suffers some serious disad- 
vantages. Early grazing of autumn-sown oats can provide an economic 
return to the farmer, provided he observes the rules of good husbandry. 


IN spite of the achievements of plant breeders in developing varieties of 
grasses that will give forage practically all the year round, February and 
March still prove to be the most difficult months of the year for the stockman. 
Quite frequently during this period farmers are forced to graze forward fields 
of autumn-sown cereals because of a shortage of food, and there is a sub- 
stantial increase in the number of farmers who sow rye specifically for grazing 
early in the year. Furthermore, it is well known that green forage in early 
spring stimulates the milk flow of both cows and ewes, and thus the value of 
these crops cannot be assessed solely in terms of starch equivalent or Ib per 
acre of dry matter; neither can the importance of the quantity of forage 
provided at this time be over-estimated in comparison with that given by 
other crops at less critical periods of the year. 

We know that there are great variations in the amount of forage produced 
by cereals and in the yield of grain resulting from crops which have been 
grazed.’ Some recent work at the Welsh Plant Breeding Station has been 
designed to assess the role of winter cereals in producing early spring forage, 
and further work is being carried out to determine the possibility of breeding 
new varieties of winter cereals which would better satisfy the needs of the 
stock farmer. 


Choice of cereal for grazing in spring 

A question often asked is how do the various cereals behave in relation to 
each other in terms of forage production? Over forty varieties of the most 
winter-hardy cereals have been under trial at Aberystwyth, and their relative 
forage production has been noted. Further examination of the most promis- 
ing has been made in more extensive trials, and, as indicated in Table 1, the 
winter ryes as a group clearly produce the most dry matter in early spring. 


Table 1 
Forage production of four cereals: early spring 1959 
Species Dry matter production in Percentage 
relation to winter oats= 100 crude protein 
Winter oats 100 16:9 
Winter rye 164 15:5 
Winter wheat 107 19-9 
Winter barley 96 18-4 
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There are many varieties of rye sold commercially in Britain which differ 
quite markedly in their behaviour as forage producers. These can be broadly 
classified into four groups, depending on the nature of the origin of the stock 
(Table 2). 

Table 2 


Forage production during early spring of rye from various sources 
(relative to winter oats=100) 


Source of Defoliated on 
Variety seed 27.3.58 14.4.59 (a) 14.4.59 (b) 
Winter oats Britain 100 (13) 100 (6) 100 (1) 
Central European ryes Hungary 248 ( 4) 200 (1) 266 (5) 
English ryes Britain 199 ( 2) 129 (1) 188 (1) 
Tetraploid ryes Germany 200 ( 2) — = 
North European ryes Finland 132 ( 2) _ = 


Figures within brackets show number of varieties tested. 
(a), (b). Two separate locations. 


During the early spring of 1958 and 1959 varieties of rye such as Lovazpa- 
tonai and Ovari from Central Europe have shown considerable promise. 
Their supremacy in relation to other varieties depends, however, largely on 
the date on which they are sown, the climate and fertility conditions under 
which they are tested and the date in spring at which they are compared. 

Generally speaking, these ryes start growth at lower temperatures than 
other cereals, and maintain a steady growth through the early spring; but 
they are low tillering and require a high seed rate to produce maximum 
yield. 

Irrespective of its merit as a forage crop, rye remains suitable only for 
grazing, as it is considered to be of little value as a grain- or straw-producer, 
and can prove expensive even for grazing in early seasons when sufficient 
grazing is available from grass. If other cereals could provide enough forage 
in the spring and still be capable of producing a useful yield of grain and 
straw, then many of the disadvantages of sowing winter cereals for grazing 
would disappear. Experiments at Aberystwyth have shown that in normal 
years there are no great differences in the forage production of autumn- 
sown oats, wheat or barley (see Table 1), but there are indications that a 
winter wheat may suffer less than other cereals as a result of grazing at the 
same date in the spring. Of these cereals winter oats is undoubtedly best 
suited to the needs of livestock farmers, where both grain and straw are 
largely consumed on the farm. 

Another question often asked is which of the winter oat varieties is most 
suitable for grazing, and what effect does grazing have on the ensuing grain 
crop? Powys S.226, Penrhyn S.234, S.147, S.172, varieties of winter oats 
showing a range of winter hardiness, were tested for forage production during 
the spring of 1959, but in this season there was no significant difference 
apparent between them. There is, however, strong evidence to suggest that 
in warm springs after mild winters, Powys S.226, Penrhyn S.234 and S.147 
would be superior, but after severe winters $.172 would in all probability 
provide the most spring keep. The recently developed mildew-resistant selec- 
tions at Aberystwyth, not yet on the market, appear to be particularly 
promising under all conditions. 
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After defoliation in mid-April the yield reduction did not vary appreciably 
between varieties, so that the results obtained from defoliation experiments 
on one variety can reasonably be expected to apply in general to the other 
recommended varieties of winter oats. 

Farmers are advised to grow those varieties best suited to their class of 
land fertility; S.172 is suitable for land of high fertility, and Powys S.226, 
Penrhyn S.234 and S.147 are capable of higher yields on land of medium 
fertility where lodging is no problem. 


Effect of grazing winter oats 


Grazing in normal years will increase tillering in thin crops, and will 
reduce losses due to winter proudness and lodging, in addition to providing 
forage in early spring. The amount of forage available for grazing from 
autumn-sown crops of oats will. however, depend on the date of sowing and 
on the weather in winter and early spring. An indication of the quantity of 
feed available from October-sown crops of Powys over two seasons may be 
seen from Tables 3 and 4. After grazing, some of the crops received 3 cwt 
Nitro-Chalk as a top dressing. 

The remarkably mild winter of 1956-57 was followed by a dry spring, and 
the results after grazing are typical of those to be expected in years when 
crops become winter proud. 

Substantial quantities of forage were available up to mid-March, which 
when removed did not result in a significant reduction in grain. Where a 
nitrogen top dressing was applied the crops became lodged, so that grazing 
in February and March actually gave an increase in yield of grain. Grazing 
in mid-April, however, resulted in a severe reduction in the productivity of 
the crop. 

Table 3 
Powys S.226: Yield of forage and grain after grazing a winter- 
proud crop in spring 1957 


Forage production Grain production 
cwt per acre 

Dry matter Per cent N top dressing 

lb peracre crude protein NoN (N 3 cwt per acre) 
Control — — 28:5 31-9 
Mid-February 600 27 26:2 32°3 
Mid-March 1,200 21 28°5 33°7 
Mid-April 2,800 14 16:8 21°8 

Table 4 


Powys §.226: Yield of forage and grain after grazing a normal 
crop in spring 1958 


Forage production Grain production 
cwt per acre 

Dry matter Per cent N top dressing 

lb peracre crude protein NoN (N 3 cwt per acre) 
Control — _ 217 29-7 
Mid-February 330 27 20:0 26°4 
Mid-March 620 22 20:5 28:2 
Mid-April 1,320 17 21°5 30°4 
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A substantial quantity of highly nutritious feed was, however, still avail- 
able even in this season at a most difficult part of the year. It is estimated 
that this quantity of material would give an equivalent of between 160 and 
300 grazing days; with a supplement of hay and starch concentrates this 
estimate could have been greatly extended, as the forage was rich in protein. 
In this crop there was no reduction in yield of grain by grazing into mid- 
April. 

The results from both years also showed that grazing at any period 
reduced the quantity of straw, and the later the grazing the more drastic the 
reduction in yield of grain. This evidence supports the view that grazing 
decreases the risk of lodging in the crop at harvest. 


Critical phase in growth of crop 

Clearly, from the results obtained over the two seasons there appears to 
be a critical phase in the development of the crop, after which grazing 
severely reduces its productivity. Other experiments have shown that this 
phase coincides with the period when the flowering buds are being differ- 
entiated. If grazing is completed before they are in danger of being damaged, 
there need be no reduction in grain yield, provided the basic fertility of the 
land is adequate. This critical stage is reached earlier in a warm spring, as in 
1957, than in a late spring as in 1958. Thus to avoid loss in potential grain 
yield a winter-proud crop should always be grazed early and leniently, 
whereas crops in a late spring may be grazed later and more severely without 
affecting the production of grain. 

Under normal conditions the critical stage for oats is not likely to be 
reached until the first week in April. This conclusion is confirmed by the 
work of Davies* at Bangor, with $.147 winter oats; he found over three 
seasons that grazing in mid-April caused a significant reduction in yield of 
grain. The practical farmer can quickly determine this critical phase by 
examining the plants before grazing. If the growing point at the centre of the 
ensheathing leaves is beginning to elongate and is likely to be damaged 
during defoliation, then if grazing continues, a reduction in the yield of grain 
will occur. Under practical conditions this is not likely to happen until the 
end of March or the first week in April. 


Value of spring nitrogen 

Nitrogenous dressings in spring are most important for autumn-sown crops, 
and in particular for those which are grazed. Since this nutrient is easily 
leached from the soil, the response to nitrogen is most marked after winters 
with a high rainfall such as occurred in 1957-58. The increase in grain and 
straw as a result of nitrogen top dressing at the time of grazing is shown in 
Tables 3 and 4, and is summarized in Table 5, along with the increase in 
straw production. 

Lodging occurred at harvest on the ungrazed crops in 1957, and conse- 
quently the return of grain from the applied nitrogen was limited to 3-4 cwt 
per acre. Crops grazed in February and March gave an increase of 6-1 and 
5-2 cwt of grain respectively. By grazing in March, lodging was avoided; and, 
in addition, 1,200 Ib of dry matter with 21 per cent crude protein was 
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Table 5 


Response of crops of Powys (S.226) to nitrogen 
(3 cwt per acre Nitro-Chalk) 


1957 1958 
Grain Straw Grain Straw 
Not grazed +3-4 +11-1 +8-0 +287 
Grazed mid-February +61 + 7:4 +6°4 +20°3 
a » March +52 + 103 +77 +29-3 
- » March +50 + 48 +8-9 +25:2 


made availiable for stock. The application of nitrogen in all cases increased 
the yield of straw over comparable treatments without nitrogen. Thus it is 
evident that if the cereal crop is grazed in the spring, the value of the grazing 
can more than compensate the farmer for the cost of the nitrogen, provided 
he observes the rules of good crop husbandry. 
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Feedingstuffs and Grass 


Many farmers and their advisers will be glad to see three little books issued by the 
Electrical Development Association. They are: Milling and Mixing, Greencrop Drying 
and Financial Assistance for the Development of Electricity on Farms. 

Much useful information about the planning, layout and operation of the various 
appliances needed to process home-grown feedingstuffs will be found in Milling and 
Mixing. 

The problem of producing the maximum amount of hay of high digestibility to get 
the greatest benefit from grass is a serious one, particularly when conditions are un- 
favourable. Greencrop Drying shows how the weather risk can be reduced and high 
quality hay produced every year without high temperature drying. In addition, the 
book deals with driers for loose and baled hay, as well as certain aspects of the multi- 
purpose use of the plant. 

To enable him to carry through his plans, the farmer may need financial help, and 
the third book, Financial Assistance for the Development of Electricity on Farms, 
shows him where the assistance may be obtained. The booklet covers grants, subsidies, 
long-term loans and income tax allowances, giving the information as it applies to 
England and Wales, Scotland and Northern Ireland. 

Copies of all three books may be obtained free from the various Electricity Boards 
or direct from the Electrical Development Association, 2 Savoy Hill, London, W.C.2. 
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Grassland Recording 


J. A. BANCROFT-WILSON, M.A. 
Fisons Technical Advisory Service 


F. J. ORTON, B.Sc., B.Lirt. 


Levington Research Station, 
Fisons Fertilizers Limited 


The preliminary results of Fisons grassland recording scheme suggest that 
recording may be a very useful tool for use in conjunction with field 
experiments to obtain information about grazed swards. 


RESEARCH work in agriculture has for many years been based on field trials 
involving comparatively small experimental plots laid down on accepted 
statistical lines. This type of work has given much valuable information when 
applied to tillage crops and grass cut for hay and silage, where harvested 
yields can be readily measured. Under grazing conditions, however, the prob- 
lem is more difficult. Experimental evidence cannot be obtained so easily, 
and grazing animals are now considered to be vital in measuring grassland 
output. This creates many problems of experimental technique which must 
be solved before such work can progress, and unless new techniques are 
developed which will make expansion of animal experiments from research 
stations to commercial farms possible, it will never be feasible to obtain 
results widely applicable on commercial farms. 

The use of survey techniques to obtain information about grazed swards 
is attractive, partly because of the comparatively small cost in administra- 
tion, but chiefly because it provides a means of covering normal farm con- 
ditions which cannot be examined by present experimental methods. The 
grassland recording scheme described here has been started to test the 
usefulness of the survey method (with its own particular problems) as a 
complementary technique to field experiments. 

Early exploratory work by Levington Research Station on a limited num- 
ber of farms in the south-western counties showed that useful information 
could be obtained on the effects of fertilizer treatments and other manage- 
ment practices. It so happened that fertilizer response measurements obtained 
in this way fitted in well with accepted ideas, but the sample was too small 
for the comprehensive statistical treatment which was essential to overcome 
criticisms of the validity of any results obtained. 

In 1959 the scheme was extended to some forty farms in the south west, 
west and north of England and in Wales, and the farm recording was super- 
vised by the Company’s qualified field staff in the provinces. To make such 
a sample reasonably uniform, some limitation had to be imposed on farm 
type and size. The sample was therefore restricted to dairy farms and, as 
far as possible, to farms between 50 and 300 acres in area. The standard of 
husbandry amongst the recording farmers was inevitably above average, 
since the main criterion in choosing farms was the willingness and ability of 
the farmers to keep detailed grazing and feeding records for each grass field. 
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The standard of recording was in fact extremely high. Results from this 
survey will refer therefore to the conditions experienced by the many pro- 
gressive farmers in the area. 


Recording method 

The three methods in common use in recording grassland output on a field 
scale are “gallons per acre”, “cow grazing days” and “utilized starch equiva- 
lent” (U.S.E.). The third method, preferred by many workers, was chosen 
because it took into account the wide variations that are found in feeding 
practices, especially in relation to concentrates. Furthermore, U.S.E. can 
more readily be interpreted in terms of money; an assessment of the addi- 
tional profit represented by extra U.S.E. can be determined without diffi- 
culty. Other work' has shown that U.S.E. is much more closely related to 
profitability than the alternative recording methods. The standards laid down 
by the sub-committee of the British Grassland Society which investigated 
methods of grassland recording” were used as a basis for the scheme. 

Of the forty farms which completed the recording period, thirty-two were 
used for the analysis. The rest were excluded as the complete farm records 
were not available in time. Analyses were carried out on a field-by-field 
basis, and the main fertilizer comparisons were examined for statistical sig- 
nificance. 


Leys and permanent pasture compared 

It is generally accepted that leys give higher yields than old pastures, but 
they also involve additional expenditure on seed and cultivations. In this 
sample the leys yielded 5-2 cwt more U.S.E., but they had to be adjusted 
for the higher fertilizer rates used on temporary grass, and the real difference 
was only just over 3 cwt U.S.E. per acre. 


Yields of temporary and permanent grassland 
(cwt U.S.E. per acre) 


Actual Adjusted 
Temporary grass 21°1 19-0 
Permanent grass 15-9 15-9 
Difference 52 31 


After allowing for differences in costs* and assuming that extra grass was 
used for grazing extra dairy cows, the leys in this sample were still more 
profitable, to the extent of about £2 per acre. It must be remembered, how- 
ever, that on these farms most of the grassland was already in leys, and 
the permanent pastures that remained may not have been typical of such 
grass in general. 

Production from leys in 1959 was analysed on the basis of the original 
method of establishment, taking all leys sown down in 1958 and earlier. 
Productivity of these leys in 1959 suggested that undersowing had led to 
higher yields of U.S.E. when compared with direct seeding. Furthermore, 
these differences were similar for fields mown and for fields grazed. How- 
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ever, this analysis took no account of the number of complete seeds failures 
experienced under the two methods of establishment. 

Information was also obtained on the effect of type of sward and age of 
ley, but the sample was not sufficient for distinctions to be drawn. Short 
duration ryegrass leys appeared from the data to be more productive than 
other types, while perennial ryegrass was the least productive of all, but 
these differences may have been accentuated by the dry season. The effect 
of age of ley is difficult to judge without access to records over a period of 
years. Many of the older leys were highly productive last year under grazing 
conditions, but this may have been due to the elimination of the poorer leys 
at an earlier age. 


Response to fertilizer 


The main object of the scheme was to obtain information on responses to 
fertilizer treatment under commercial farming conditions. Significant re- 
sponses. were shown to both nitrogen and phosphate, and other important 
points emerged as general trends borne out by accepted theories on good 
grassland fertilizer practice. 

Whilst it might be claimed that some of the results found have been due 
to a fortunate combination of circumstances in an unusual season, it can 
equally be argued that the same exceptionally dry season would have tended 
to mask the effects of fertilizer treatments and so reduce the possibility of 
significant differences appearing. Moreover, a comparison with the results 
obtained from the exploratory work in three previous seasons indicated that 
the responses in this survey were real and are likely to be repeated. 

Statistically significant responses to nitrogen were found on leys cut for 
hay, but not on leys grazed. These results are broadly in line with much 
current thinking on the place of nitrogen in the clovery sward. One would 
expect a response to moderate rates of nitrogen under grazing conditions 
when applied early in the season, but nitrogen given when the clover is active 
would have little or no effect on total production unless applied at unusually 
high rates. For hay, ample nitrogen is considered to be necessary, and this 
also is borne out by these results. 

The statistical treatment can be fortified with an examination of general 
trends. The response curves shown in the diagrams on p. 287 suggest that 
for leys grazed, leys mown, and permanent pasture grazed the pattern of 
response was very similar. Responses appear to have been present up to the 
40-60 Ib N rate per acre, followed by a reduction in yield. A further increase 
in yield was recorded on leys at very high rates of application, but on per- 
manent pasture the sample was inadequate at these levels. 

Analysis of the phosphate results is equally interesting. Significant re- 
sponses to phosphate under field experimental conditions are not often evi- 
dent where yields are measured by the normal cutting techniques. It is 
accepted, however, that phosphate is important in obtaining satisfactory 
production from grassland. This is borne out by the evidence available from 
this investigation. The phosphate response on leys grazed was highly sig- 
nificant; it indicated an optimum in the 40-60 Ib per acre phosphate range, 
and was in all probability linked to the need of clover for phosphate. The re- 
sponse under hay conditions was not statistically significant and, on the basis 
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of experimental evidence, high responses to phosphate were not expected. 
For grazed permanent grass fields the response over the data as a whole was 
also not significant, but the trend suggested a response up to the 20-40 Ib 
per acre phosphate level with no further response above this rate. This was 
confirmed by statistical analysis. 

No significant responses to potash were obtained, and an examination of 
experimental evidence* suggests that the response to potash even under hay 
conditions might not be measurable statistically. It is possible that on the 
more intensively stocked farms animal residues supply much of the potash 
requirement. 

It is not permissible to draw conclusions from one season’s records only, 
especially in a season as unusual as 1959, and the results given here must 
be considered merely as illustrating the possibilities of using the technique 
for investigating grassland problems. At least three seasons’ records will be 
required before conclusions can be drawn, and their reliability will depend 
on the uniformity of the results obtained from year to year. Information ob- 
tained from commercial farms can, it seems, be complementary to field ex- 
periments, and the technique has the additional advantage that the results, 
especially in terms of utilized starch equivalent, are directly applicable to 
the commercial farm and can be translated into monetary terms without 
undue difficulty. 

The lack of input-output data on grassland is one of the most important 
weaknesses in farm management advisory work, and it is hoped that this 
investigation will in time help to provide some of the answers that are 
needed. 
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Third Game Fair 


J. R. RUNDLE, B.A., F.L.AS. 
Agricultural Land Service, Leeds 


Twenty thousand people went to the Game Fair organized by the 
Country Landowners’ Association at Castle Howard on 15-16th July— 
four thousand more than last year. 


THE setting of this year’s Game Fair was superb. The avenues leading to 
the arched entrance to Castle Howard gave one a feeling of returning to a 
feudal age—a feeling which was in no way dispelled by the activities and 
personalities to be seen there. 

Judged by the attendance alone the event was a great success, but it did 
much more than draw a crowd. Many of those who visited it must have 
gone away with a better understanding of country life and country sports and 
pastimes. This is the main purpose of the Fair, and the true measure of its 
success. 

Because of the noise and activity which it produced, the clay pigeon shoot- 
ing inevitably held the greatest interest for the spectators. Ten traps simu- 
lated various types of shot—bolting rabbits, high pheasants, springing teal 
and driven partridges, among others—and some varied shooting was to be 
seen. Some of the competitors in the gamekeeper’s competition were most 
impressive. This contest was shot on five pairs of “driven partridges”, the 
clay targets coming from behind cover and skimming low over a ride in 
which the gun stood. The targets were so close and the shooting space so 
limited that the utmost speed and accuracy were needed, and some really 
masterly demonstrations were given. 

The gun dog working tests nearby were interesting, as dog work always is, 
but the best efforts of the organizers with dummies and concealed cages 
could not quite produce the effect and atmosphere of genuine field-work in 
the shooting season. Despite this there were some fine demonstrations of dog 
handling. 

The falconry enclosure—unfortunately too deeply in the shade for pho- 
tography—contained some very beautiful birds. For the most part they sat 
motionless on their perches: only the little merlins, two charming specimens 
of our smallest native falcon, showed much interest in what was going on 
around them. There were peregrines, proud and trim, and lanner and saker 
falcons from Libya, looking as hard and cruel as the desert country from 
which they come. On the highest perch, in the centre, brooding in sombre 
magnificence, sat a golden eagle. 


New coarse fishing competition 

Fishermen thronged the edge of the South Lake, watching and taking part 
in various casting competitions or deep in conversation with the fishing 
tackle salesmen along Fishermen’s Row. There is almost more pleasure to 
be had from the inspection, handling and possible purchase of fishing tackle 
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than in the use of it afterwards. On the North Lake those engaged in the 
coarse fishing competition sat in peaceful concentration: the contrast be- 
tween this and the din of the clay pigeon shooting was most marked. 

But not all the guns and straight shooting, all the dogs and their skilled 
handlers, and all the fishing rods and their expert users can produce sport 
unless there is game to shoot and fish to catch. The main exhibits, the central 
core about which the Game Fair is built, were those dealing with the rearing 
and preservation of game. 

By far the most important and comprehensive of these was put on by the 
I.C.I. Game Research Centre. I.C.I. have demonstrated on their estate at 
Fordingbridge that sound methods of keepering, proper attention to detail 
and an understanding of the needs of game birds can lead to a tremendous 
increase in the game population without any great conflict with modern 
farming methods. A good stock of game is not only a source of pleasure and 
sport to country people; it is also a valuable source of income to the land- 
owner, and an asset which no one can afford to neglect. 

Without artificial rearing, pheasants would soon become scarce in all 
except a few favoured parts of our islands. Modern methods were demon- 
strated, especially the use of incubators, which would have been quite un- 
thinkable before the war. Partridge rearing was also shown. We used to think 
that partridges could not be reared artificially, but the success of I.C.I. in 
proving that they can will be of great benefit. 


Reducing hazards to game 


The main lesson which I.C.I. have to teach is, however, a simple one. It 
is that game will thrive in this country only if it is encouraged and if the 
hazards which beset it are kept to a minimum. Encouragement consists of 
ensuring that game birds have cover in which to nest and adequate food to 
eat, particularly in the cold, dead days of February and March. Hazards are 
many: some are natural, like foxes, crows, magpies and rats, and some are 
of human origin—mowing machines and chemical sprays, for example. I.C.I. 
demonstrated various traps and methods of dealing with vermin, and showed 
flushing bars for saving nesting birds from the knives of the mower and 
hormone weed-killers which are not harmful to birds. 

For the less well-to-do sportsman there were exhibits dealing with wild- 
fowling and pigeon shooting: the Wildfowlers’ Association of Great Britain 
had an exhibit which showed that sport and conservation of our wild life 
can also go hand in hand. 

On the angling side, the Yorkshire Ouse River Board, the Salmon and 
Trout Association and the Anglers’ Co-operative Association all dealt with 
the conservation of fish stocks and control of pollution. Public opinion is at 
last awakening to the need to keep our rivers and seas clean: the damage 
which has been done already is enormous and it will take many years to 
put it right, but we are beginning to do so. 

There was much else to see: gunsmiths and other trade stands, police dog 
demonstrations, Army regimental displays and (no connection!) archery. All 
these helped to make a success of the Fair, and they added interest and 
enjoyment to the valuable lessons which were demonstrated by the main 
exhibits. 
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Nitrogen Fertilizers in British Farming 


O. T. W. PRICE, B.Sc., M.S., M.A., D.PHIL. 
Imperial Chemical Industries Ltd. 


This article is intended primarily to illustrate the economic importance 
of nitrogenous fertilizers to the individual farmer and the nation at the 
present time. 


FARMERS are justifiably worried that their incomes are not rising alongside 
those in the rest of the national economy. In an endeavour to correct this 
tendency, all measures to increase revenue or reduce unit costs need to be 
exploited to the full. There can be little doubt that one means of achieving 
these objectives is by the increased use of nitrogen fertilizers, together with 
adequate quantities of the other plant nutrients which are conducive to 


vigorous plant growth. 


Economics of nitrogen use 

In the second half of the twentieth century, farming must be considered as 
a business undertaking and not just a way of life. For this reason the pur- 
chases which farmers make, including fertilizers, are justified only if they 
yield a return or profit in excess of their cost. 


Table 1 


An example of effects of nitrogen application on costs 
and returns in wheat production in an arable district 
(high yielding varieties) 


per acre 
Cwt of sulphate of ammonia 0 1 2 3 4 
Units of nitrogen 0 21 42 63 84 
£ £ £ £ £ 
Fixed costs 23-0 23:0 23-0 23-0 23-0 
Additional costs: fertilizers* — 0-9 16 2°3 30 
harvesting — 0°5 08 0-9 1:0 
Total costs 23-0 24°4 25-4 26°2 27:0 
Receiptst 39°7 44-7 476 49-4 50°5 
Profitt 16°7 20°3 22:2 23-2 23°5 


29°5 33:2 35:4 36°7 37°5 


Yield per acre (cwt) 
14-4 14:3 14:4 


Cost per ton 15°6 14-7 


* Including cost of application. 
+ Receipts exclude the value of straw. If this were included the level of receipts and 


profit would be higher. 


Table 1 gives figures of the average costs and returns that may be expected 
from applying nitrogen fertilizers to the higher yielding varieties of wheat on 
the assumption that phosphate and potash are available in adequate amounts. 
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The application of nitrogen, since it raises the yield, naturally raises the 
receipts to be expected per acre. Table 1 also illustrates another very im- 
portant aspect of the economics of fertilizer use, however—namely, that its 
use reduces unit costs of production. In the example given costs were reduced 
from £15-6 to £14-3 per ton by applying 63 units of nitrogen. This occurs 
because in the production of most crops a high proportion of the costs per 
acre are incurred independently of the yield which is obtained—e.g., the land 
has to be ploughed, cultivated, and the seeds sown. 

These costs may conveniently be described as fixed costs, since they are of 
the nature of overhead charges and do not vary directly with output. As the 
yields per acre are raised, these fixed costs decline per cwt of output. The 
profit that a farmer makes per acre of wheat grown is determined by the 
profit per cwt X number of cwt produced. Clearly, therefore, using nitrogen 
fertilizers up to the optimum level contributes to profits both by increasing 
the profit margin per unit of output and by increasing the number of units 
produced. In the example given, the optimum rate of nitrogen use is around 
63 units of N; little gain in profit would be achieved by using higher rates of 
application. 

Unfortunately many farmers are still not using fertilizers at the optimum 
level. This is indicated in Table 2. 


Table 2 


The use of nitrogen fertilizers on arable crops— 
optimum rates and practice* 


FERTILIZER PRACTICE IN ENGLAND AND WALES 1956-58 


Optimum Overall Average 
Crop Dressing* Average Actual Area 

ratet ratef treatedt 

units of N. per acre per cent 
Wheat b4 35 44 79 
Barley 60t 28 34 83 
Oats 60t 20 32 63 
Potatoes 100 95 100 95 
Sugar Beet 100 98 102 96 
Mangolds 100 67 74 91 


* The optimum rates quoted, which are taken from Fertilizers and Profitable Farm- 
ing, by G. W. Cooke (Crosby Lockwood and Son Ltd.), are those operative on average 
at present. But crop breeding leads to improved strains of varieties which tend to raise 
the optimum level. Also under certain climatic and soil conditions and levels of 
management, higher rates of nitrogen fertilizers are used profitably. 


t Derived from Rothamsted Surveys of Fertilizer Practice. 

+ Overall average rate= total quantity of N weed on crop 
Total acreage of crop. 

Total quantity of N used on crop 

Acreage of crop treated with N. 





+ Average actual rate= 


t For older varieties. 


While sugar beet and potatoes are in general fertilized near the optimum 
level, farming profits could be increased appreciably by greater use of 
nitrogen on cereals and mangolds. 

The economics of nitrogen fertilizer use on grassland deserves to be con- 
sidered separately, since this crop covers two-thirds of the cultivated agri- 
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cultural area in the United Kingdom. This is a complex subject because the 
return from fertilizers is determined very much by the effectiveness of use by 
livestock of the increased grass so produced. 

The principles of good grassland management are adequately described 
elsewhere, and I will not attempt to summarize them here except to high- 
light some of the underlying economic considerations. Feed accounts for 
between 60 and 80 per cent of the costs of producing milk, beef and lamb. 
Grass and grass products are the cheapest sources of feed available to United 
Kingdom farmers and, consequently, the extent to which these can technically 
be substituted in the diet for more costly feeds contributes to higher farm 
profits. Good quality silage, either hand-fed or preferably self-fed, can re- 
place appreciable amounts of costly concentrated feedingstuffs during the 
winter feeding period with a substantial reduction in costs on most farms—a 
fact already established by the leading grassland farmers. Again, by the 
judicious use of nitrogen fertilizers to encourage early spring grass, dairy 
cattle can be turned out a few weeks earlier in the spring with a considerable 
saving in the indoor feeding of concentrates. The planned use of fertilizers 
throughout the grass growing season enables farmers to prepare for cus- 
tomary drought periods in their district, and thus again reduces the need for 
supplementary feeding. 

There is much confused thinking about the relative productivity of clover 
nitrogen and fertilizer nitrogen because comparisons are made on a physical 
basis. Clover swards are productive Jater in the spring than grass-dominated 
swards encouraged by fertilizer nitrogen. The value of grazing in early spring 
-—say March to late April—when it enables dairy cows to be turned out of 
doors for their feed, is considerably higher than during the main summer 
growing season. 

In examining the relative economics of different systems of feeding, it is 
the profit per farm, and therefore ultimately the profit per acre and not per 
animal, which matters. (This is especially so with increasing farm rentals.) 
In ruminant livestock farming, the intensive use of nitrogen fertilizers fre- 
quently leads to intensive stocking per acre of grassland, and while the profit 
per animal may not always be as high as on farms depending more on pur- 
chased feedingstuffs, the profit per acre is greater. As was pointed out earlier, 
profits ultimately depend on the margin of profit per unit of output Xx the 
number of units produced. There can be little doubt that in the United 
Kingdom the cost per gallon of milk production is lower on those farms 
which depend on grassland for as high proportion of their feed as possible. 
It has already been found by I.C.I. that the dairy farms following a system 
of intensive grassland management made profits which were about two-thirds 
greater than a similar group of farms following a good standard of traditional 
management. Looking to the future, it is clear that farmers favouring systems 
of intensive grassland farming, because of the lower cost of production per 
gallon, are better placed economically. 


Higher output—lower prices? 


It would be ostrich-like to ignore the fact that increased use of fertilizers 
increases output and that this could depress the prices of farm products. 
Firstly, the increased use of nitrogen, in so far as it reduces unit costs of 
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production, raises the profit of the individual farmer. Secondly, in so far as 
reducing costs enables British farmers to sell their produce at a price which 
is “competitive” with imported products, they are thoroughly justified 
nationally in following such a policy. 

In the traditional cereal growing areas of this country highly mechanized 
farms, using the best seeds and applying fertilizers at near the optimum rate, 
are among the most efficient in the world, producing wheat at a cost of 
£12-15 per ton. Such producers are thoroughly capable of meeting fair com- 
petition, and indeed if all cereal producers in the areas climatically suited for 
cereal production in the United Kingdom reached this level of efficiency 
most of the feed-grains required in this country could be home-produced at 
competitive prices. In this connection it should be appreciated that the 
eastern regions of the country are most suitable for arable production, while 
the west is environmentally well suited for grass production. 

On grassland also, the increased use of fertilizers need not lead to surplus 
production resulting in lower farm prices. Surveys of concentrate-feeding 
practice on dairy farms in this country suggest that an appreciable saving in 
feedingstuffs costs could be achieved by substituting grass and grass products 
for concentrated feedingstuffs at certain periods of the year. A change in the 
source of feedingstuffs does not in itself increase output, and undoubtedly 
there is considerable scope for the increased use of nitrogen fertilizers to 
encourage early spring grass and to extend silage production. This would 
merely result in a reduction in the use of more expensive concentrated 
feedingstuffs while leaving the level of milk output unchanged. It must be 
recognized, however, that improving the level of grassland management on 
some farms could result in a higher milk output per acre, and that a general 
raising of the standard of grassland farming in this country would certainly 
tend to raise the level of output per acre. 

The demand for red meat in the United Kingdom and Western Europe as 
a whole is likely to rise faster than the demand for farm produce generally 
during the next decade. The demand for beef in particular on the world 
markets is keen in relation to available supplies, and from a national view- 
point it would appear desirable to tap some of the potential grassland output 
in the United Kingdom for this purpose. The possibility of increased output 
from grassland depressing the prices of livestock products need not arise, 
provided a part of the increased grassland output in the country were devoted 
to beef production. This could come about by some dairy farms having beef 
as a supplementary enterprise and some farms possibly changing from milk 
to beef production. If British agriculture should become integrated with that 
of the European Economic Community, the possibilities of exporting prime 
beef should not be discounted. 


Balance of payments and agriculture 


It has been suggested that the increased output of United Kingdom agri- 
culture compared with pre-war has reduced the country’s food import bill by 
about £400 million. In the last ten years, when this country was still engaged 
in post-war reconstruction and its supply of foreign currency (particularly 
dollars) was scarce relative to requirements, much emphasis was placed on 
the contribution agriculture could make by reducing the country’s depen- 
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dence on food imports. Balance of payments crises were a feature of the 
1950s. By the beginning of the present decade, however, it was believed that 
serious adverse balance of payments difficulties were less likely to occur and 
that those which might arise would be transient and could be more effectively 
controlled by damping down consumer demand on the home market with 
credit restrictions, thus releasing a higher proportion of the country’s indus- 
trial production for export. 

This does not mean that the United Kingdom’s balance of payments prob- 
lems are over. In view of our need to export capital to under-developed 
countries and the high level to which imports have risen in relation to 
exports in recent months, some increase in the level of our positive balance 
of payments seems desirable. While British agriculture is not likely to be 
asked to increase production substantially in the near future to improve 
this country’s positive balance of payments, the contribution that it is making 
at present is very necessary. Owing to the Government’s desire to expand 
international trade and accept primary produce in exchange for finished 
goods, the greatest contribution that British agriculture can probably make 
in the future is by raising its net output. (It seems likely that the gross output 
of some products will increase to some extent at the same time if, compared 
with the present, the industry’s efficiency is to rise and its costs of production 
are to fall.) It can achieve this best by reducing the imports of feedingstuffs 
and substituting for them home-grown feed where this is cheaper. 

Recent surveys show that in any given year, about 50 per cent of the 
temporary grass and 70 per cent of the permanent grassland in England and 
Wales still receives no nitrogen fertilizers. One must conclude from these 
figures that with the adoption of improved grassland management techniques 
and the increased use of nitrogen fertilizers, agriculture is still capable of 
making a further valuable contribution to the economic well-being of this 
country. 
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Beef Cattle Improvement in the U.S.A. 


HENRY EDMUNDS 
British Embassy, Washington, D.C. 
The recording and evaluation of heritability factors is today of the utmost 
economic importance. Mr. Edmunds, who took up his post as Assistant 


Agricultural Attaché in Washington in July 1959, shows the lines of 
current American thought on this subject. 


To eat at the Saddle and Sirloin Club in the Chicago stockyards is quite an 
experience. This is a place (perhaps “temple” would be a better word) 
primarily dedicated to beef and to the men who produce it. Lining the walls 
are hundreds of portraits of those who, in one direction or another, have 
made a notable contribution to this great industry. They may have been meat 
packers, veterinarians, breeders, or animal husbandry men, and there are at 
least two geneticists, and even an editor. 

The last-named, Alvin Howard Sanders, was a man of particular distinc- 
tion, a good historian and a fine writer. One of his literary efforts graces the 
menu of the Club: 

Here have we builded us an inner shrine 
Wherein the wrangling of the busy market place 
Obtrudeth not; whereto in quiet hours we come 


To cast aside each selfish, sordid thought, 
And pledge our faith in high ideals anew. 


The effect of such a mental aperitif was that one looked, perhaps longer 
and more thoughtfully, at the gallery of beef notabilities. Earlier I had read 
a good deal of the current American efforts in the field of performance and 
progeny testing; I had visited several research stations where work was in 
progress and I had discussed this development with a good many research 
workers and extension people, as well as with breeders and commercial 
producers. As I waited for my steak, I wondered what race of men would be 
honoured by this Club in, say, ten, twenty or thirty years’ time. Would more 
geneticists and statisticians be represented on these walls; would there still 
be great bull breeders or would the A.I. experts take their place? If there 
were to be breeders, would they enter this hall of fame via the three major 
beef breeds, or by way of other breeds, such as Charollais, Friesian or some 
new hybrid? This train of thought was interrupted by the arrival of the steak 
itself and, strangely enough, from a consumer’s point of view it mattered 
little whether it was from a performance or even progeny-tested sire. 

However, as many American writers point out, the concept of performance 
testing is not new. Since the early domestication of animals, man has been 
estimating certain production characters and using such knowledge in his 
selections. What is new are some of the techniques and methods by which 
animals are now being more critically examined. 

These, however, are not designed to tell the breeder what kind of cattle he 
must produce. They merely give him additional tools to use in selecting the 
type of animals he has set as a standard. The perfect bull and the ideal 
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female must still be mental pictures; testing techniques may make it easier 
to come nearer to attaining these dreams. It is important to appreciate this. 


Heritability Way 

The new road now being built by research might be called “Heritability 
Way”. Indeed there are many such roads being constructed in many States 
of the U.S.A., and it would be surprising if each were alike. 

Cattle are selected on the basis of estimates of the heritability of different 
characteristics or traits. Such traits as coat colour and presence or absence 
of horns are determined very largely by heredity; environment affects them 
little. And they are highly heritable. Other traits may be of moderate or low 
heritability. The degree of fattening in beef cattle is affected by heredity. It 
is, however, also affected by the kinds and amounts of feed used, length of 
feeding period and other environmental influences. The problem of research, 
therefore, is to determine as accurately as possible the heritability of traits 
of economic importance. 

One of the first estimates of gain in beef cattle on the range and subse- 
quently in feed lots (or fattening yards) was published in 1946, from data 
accumulated at Miles City, Montana. For feed lot gains, the figure of herita- 
bility was a high one—above 90 per cent. Subsequent data from the same 
station produced other and lower estimates—65 and 60 per cent, respectively. 
In Texas, estimates of heritability of feed lot gains ranged from 33 to 51 per 
cent. In Virginia, the estimates were 24 to 29 per cent for steers. 

Under the more varied conditions of pasture fattening, heritability esti- 
mates are lower than in the better conditions of the feed lots. Here they 
range from 19 per cent (Texas), through 18-39 per cent (Montana) to 24-57 
per cent (Virginia). 

From results in both feed lot and pastures, it seems reasonable to conclude 
that heritability of gain in beef cattle is moderately high, perhaps in the 
neighbourhood of one-third—sufficiently high that rather steady progress 
should result from selecting for it. Recent estimates of other characters are 
given in the following table. 


Heritability estimates for beef cattle characters 


No. of Average of No. of Average of 

Character estimates estimates Character estimates estimates 
Calving interval 3 8 Live animal scores: 
Birth weight 15 41 Weaning 18 27 
Weaning weight 29 29 18 months off grass 7 a7 
Cow maternal ability 2 40 Slaughter 7 44 
Post weaning feed lot Carcass traits: 

gain 19 47 Dressing per cent 
Efficiency of feed lot Carcass grade 6 32 

gain 8 40 Rib eye area 3 69 
Final feed lot weight 9 69 Tenderness 5 58 
Post weaning pasture 

gain 9 34 
Cancer eye suscepti- 

bility Z 32 


Source: Genetic Aspects of Production Efficiency in Beef Cattle. E. J. WARWICK. 
National Beef Industry Conference, Purdue University, October 1959. 
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Heritability Way is therefore a road with still a good many ups and downs, 
and with soft and hard patches. A good deal of basic research is being con- 
ducted to even it out and consolidate it. The research problems under 
investigation have been defined as follows: 

1. Determination of genetic and environmental fields of operation. This 
covers such items as the degree of heritability or otherwise of a particular 
trait, the genetic interrelationships between economically important traits, 
and a knowledge of the probable importance of environmental influence— 
e.g., age of dam, sex of calf—and how to adjust for them. 

2. Development of performance testing procedures. This refers to the 
measurement of those factors which reflect the relative economic values of 
different animals for beef production. They include reproductive processes 
and mothering ability. 

3. Investigations of effectiveness of breeding systems refer to production of 
inbred lines, and once these are available, to determination of whether the 
crosses of various lines have a greater potential than animals produced by 
other breeding methods. This would include crossing between the British 
breeds and between British and other breeds—e.g., Charollais, Brahman, 
Santa Gertrudis. In addition, another line of approach is to investigate the 
effects of mass selections on breeding systems. 

4. Study of genetic defects—e.g., inheritance of dwarfism. 

It should be emphasized that all the above studies are designed to get basic 
information and do not necessarily imply a recommendation of any system 
that is under investigation. In other words, there is still a good deal of 


exploring to be done. 


Virginia programme 

The particular way in which these ideas are translated into a definite 
programme of work can be illustrated by referring to the long-term opera- 
tions at Front Royal, Virginia. There are five phases or stages, each of which 
has a bearing on the objectives outlined above. They are: 


1. To test from weaning to yearling age those Hereford, Angus and Shorthorn bull 
calves which appear to be herd sires on the basis of their pre-weaning performance. 

. To progeny test as yearlings those bulls with favourable records from phase 1. 

. To choose as foundation sires those bulls with good records from phases 1 and 2. 

. To obtain 32 daughters by each foundation sire and out of unrelated cows. 

. To allot each 32 daughters as follows: 

(a) 16 to be served with their sire to form an inbred line, 

(b) 8 to become part of a herd where selection emphasis is on growth, 

(c) 8 to become part of a herd where selection emphasis is on type or conformation. 
The progress of each allocation is measured in terms of changes in growth rate and 
conformation, and inbred lines are tested for combining (“nicking”) ability and out- 
cross performance. 


aA hwn 


This work started in 1948 with the purchase of nucleus herds of unrelated 
cows of each breed from registered breeders in Virginia and Maryland. 
Calves of both sexes are permanently identified shortly after birth, and at the 
same time are weighed and conformation scored. This is repeated at weaning 
time in October. An indication is then obtained of the calves’ potential in 
post-weaning gaining ability, and of their potential conformation as yearlings, 
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as well as of the dams’ milking ability. No calves are creep fed and so there 
is no masking, on this aspect, of milking and mothering abilities. 

Record of Performance (ROP) trials are conducted to measure growth 
rate, food converting efficiency and conformation of potential herd replace- 
ments of both sexes. The ROP tests are conducted following weaning and 
continue until about 14 months of age. In all, 460 bull calves have been fed 
in R.O.P. tests since 1948. Many more bulls go through these tests than are 
needed for the subsequent research programme. The surplus animals are 
graded by a committee, and those which are approved are sold at an animal 
sale in April. Those rejected are slaughtered. 


The A.I. approach 


While the bulk of beef cattle improvement schemes in the U.S.A. are based 
on natural service, a notable exception is an A.I. approach, sponsored and 
supervised by the Armour Meat Packing Company. The operation of this 
research programme hinges on the successful employment of A.I. to spread 
the use of top-notch sires. A large-scale bull testing scheme revolves around 
a Hereford cow herd which has been intensively bred and selected for uni- 
formity for nearly forty years. The herd is owned by C. H. Codding and 
Sons, Oklahoma. 

Co-operating in this programme are ranchers, preferably those with large 
herds. Frozen semen from performance or progeny-tested bulls is provided 
free of charge where 500 or more cows are inseminated in one area, even 
though on more than one ranch. There is a nominal charge for small herds. 

Forty-two days (equivalent to two heat cycles) or less are recommended 
for the artificial breeding period. After this, the producer’s own bulls are 
turned in for the remainder of the season. The usual records of weaning 
weight, amount of feed consumed from weaning to slaughter, the efficiency 
of conversion, and body grade and conformation of carcass are noted for 
different sires. This data is made available to the co-operating ranchers. 

It is one thing to operate an A.I. service successfully on dairy farms 
where cows are under close control and are handled twice a day. It is a vastly 
more difficult thing to work on ranches covering thousands of acres; indeed 
finding a cow when she is ready to be inseminated is the primary hurdle, 
particularly so on a limited insemination period. 

Although there are still many unanswered questions on the factors which 
affect the stimulation of heat in range cows, certain tentative observations 
are: 


1. That the interval between calving and the first heat may be more variable in beef 
than in dairy cattle. Milk yield, quantity and quality of feed during the last two months 
of pregnancy, as well as conditions that follow the stress of calving, apparently affect 
the incidence of detectable heat. 

2. Abrupt changes in weather, poor grazings, and improper methods of handling all 
tend to reduce the number of cows detected by the observers or ranch hands. 

3. Unnoticed genital infections in the womb or calf bed may possibly inhibit manifes- 
tations of oestrus periods. 


Conception rates based on 3,500 females are stated to be 70 per cent of 
the cows and 55 per cent of the heifers in one heat period; and 80 per cent 
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and 76 per cent, respectively, in two successive heat periods. The breeding 
period starts 50-82 days after calving. 

The rate at which research findings are applied on the actual farms of 
breeders and commercial store cattle producers has varied widely from State 
to State. Some States have had programmes of testing for the best part of ten 
years, others have just started, and a few have yet to begin. In total, there 
are about 42 States now testing, whose schemes range from the very simple 
to the involved and complex. It is important to note that there is no uniform 
programme throughout the U.S.A. Whether there should be is still a much 
debated point. There is, however, little or no disagreement in the economic 
characters that testing programmes should cherish. They are reproductive 
efficiency of cows (e.g., regularity of breeding and length of productive life); 
rapidity of growth in relation to available pasture; type or conformation; 
efficient and economical gain in the feed lots, and high quality carcass. How- 
ever, the goals and environmental circumstances of breeders and store pro- 
ducers vary widely from one State to another. Therefore, there is probably no 
one best performance testing programme for all. 


Wisconsin example 

The Wisconsin programme, although only of recent origin, will illustrate 
the way that research can benefit the bull breeders. One of the first traits to 
be recorded is reproductive performance. Each breeder records the birth date 
of calves and the previous calving record over a period of years. Birth 
weights are not considered to be all-important; calves can be too large as 
well as too small at birth. Calves are, however, weighed and graded at wean- 
ing time; at the same time the number of the dam, the sire, calf and its sex 
and age are recorded. The weaning weight is corrected to a standard age of 
calf of 210 days; correction is also applied for the age of the dam and sex of 
calf. These data are promptly returned to the breeder for such use as he 
sees fit. 

Three bull calves by each herd sire are selected, on weaning weight and 
grade, for feed lot gain at a central station of the University of Wisconsin. 
In fact, they are purchased by the University. The bulls are weighed every 
two weeks throughout the 182-day feeding period. The ration fed is one that 
will allow maximum growth—in other words, free choice feeding. All the 
data about each bull are returned to the breeder. With this unbiased and 
impartial information about his calves, it should be easier for a farmer to 
decide which cows to keep, which heifers are best for replacement and which 
bulls should be retained. The best of the test bulls are then sold to pedigree 
or commercial producers on condition that their progeny will be weighed 
and graded at weaning, also that 6-10 of the steer calves can be purchased 
by the University for subsequent gain testing and carcass evaluation. This is 
the progeny test end of the programme. 


Virginia and Maryland 

The Virginia and Maryland programmes have a rather different objective. 
They are directed primarily towards helping commercial producers of calves 
which are sold at weaning time in October and November. This is com- 
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parable to the Brecon-Radnor and Scottish methods of rearing and selling 
suckled beef calves. The usual data about sire and dam, calf’s weight at birth 
and weaning, and its sex are recorded. Each calf at weaning is also graded 
on conformation. All calves by each sire are listed together to show sire 
differences. At the end of each year, a summary of the entire Virginia testing 
programme is sent, under code number, to each herd owner. 

It should also be said that both States have provision for evaluating cattle 
at other ages, from 12 to 18 months. The records, therefore, are valuable in 
selecting potential herd bulls and culling cows in registered and commercial 
herds. 

All the great cattle breeders of the past have become great because they 
were able to anticipate what a mating would give with more certainty than 
could their fellow breeders. They were able to foresee what they might get by 
certain matings. Such insight still and will continue to exist; perhaps per- 
formance testing may help to lessen the odds even for recognized master 
breeders, but it is an essential tool for those less well endowed. 


Grateful acknowledgment is made to Dr. E. J. Warwick, Chief of Beef Cattle 
Research Branch, Beltsville, for his advice and observations. 


Artificial Insemination of Cattle in 
Somerset 


R. CLARKE, B.V.Sc., M.R.C.V.S. 
Horlicks Farms and Dairies Ltd., Ilminster 


Not content with the great strides it has made with artificial insemination 
in the past, Messrs. Horlicks Somerset Cattle Breeding Centre is now put- 
ting into effect plans to achieve even faster and more reliable progress. 


THE Somerset Cattle Breeding Centre was set up by Messrs. Horlicks Farms 
and Dairies in 1944. This pioneering venture in cattle breeding was intended 
to provide farmers supplying milk to dairies owned by the Company in west 
and south-west Somerset with an artificial insemination service to improve 
their milking herds. The service began on Ist November 1944, in a small 
area of 5-6 miles around Taunton and Ilminster. After some initial difficul- 
ties associated with low fertility in some of the original bulls, the service 
became established and it was possible to enlarge the area served to 10-12 
miles. To meet increasing demand for insemination from other parts of the 
county, sub-centres were set up in July 1946 at Wells and Castle Cary, and 
in October 1948 at Minehead, so that the whole of Somerset and a small part 
of east Devon and west Dorset were provided with a service. 

The ground covered by the Centre is one of the most intensive dairying 


299 








ARTIFICIAL INSEMINATION OF CATTLE IN SOMERSET 


areas in the country, which, with its small farms, high cattle population and 
good road communications, makes it ideally suited for the development of an 
AI. service. The Central Somerset Plain has one of the densest cattle popula- 
tions in the Kingdom, but in this area the fragmentation of the farms and 
practice of bail milking in the field introduce A.I. problems, as the cows 
usually have to be inseminated at the bail. In the west of the county lies a 
major part of Exmoor, which is very much less easily provided with a service 
because of its difficult terrain and scattered and isolated farms. 

However, in the first ten years of operating, the Centre experienced an 
amazing increase in the demand for insemination. At the end of this period 
nearly half of the cattle population was being inseminated. In 1953-54 over 
88,000 cows were served, and this total has grown since then to over 120,000 
cows inseminated in 1958-59, over two-thirds of the cattle population in the 
area. 


Two bull studs 


The Centre now has two bull studs, one at Ilminster in the south west of 
the county and the other at Langford, thirteen miles south of Bristol, in 
north Somerset. There are also four sub-centres, at Castle Cary, Radstock, 
Bridgwater and Wiveliscombe, with a staff of 35 inseminators. 

At the present time a stud of 72 bulls is standing at the two studs. 


Bulls at stud 


Friesian 22 Aberdeen-Angus 8 
Shorthorn 9 Hereford 7 
Ayrshire 9 Devon 5 
Guernsey 9 
Jersey 3 
Dairy Bulls 52 Beef Bulls 20 
Total 72 


Two remarkable changes in the breed demand have been noted over the 
years the Centre has been operating, the most notable being the considerable 
increase in Friesian services and the decline in the proportion of insemina- 
tions using semen of some of the other dairy breeds. The second change is 
the very large increase in the use of services from beef bulls, mainly for 
crossing on dairy cows to produce calves to be reared for beef, and in many 
cases on dairy heifers to ensure easy calving. Use of beef bulls for the service 
of inferior milking cows, with the resulting progeny reared for beef, and 
consequently dairy herd replacements reared from the better cows, seems to 
have had very beneficial effects on milk production of the dairy herds. But it 
seems surprising that the second most commonly used breed of bull in a 
county which produces more milk than any other in the country should be 
the Aberdeen-Angus. 

The peak of beef inseminations, at 38-1 per cent of the total first insemina- 
tions carried out in 1957-58, seems now to have been passed and the pro- 
portion has fallen slightly since then. 

The following table shows the percentage of first inseminations by breeds 
over the last twelve years: 
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Percentage of first inseminations 


Dairy Breeds Beef Breeds 
Year Friesian Shorthorn Guernsey Ayrshire Jersey Devon Hereford Aberdeen- 
Angus 
1947-48 28°9 52:2 13°5 4°5 0:3 0:4 0:1 _ 
1948-49 30°3 41°6 i127 91 1°6 3°5 0:9 = 
1949-50 33°6 37°7 12:1 8-9 1°8 ce | 1°6 — 
1950-51 33°2 36:0 11°8 9°6 2°1 a3 1°5 — 
1951-52 34-4 32°6 12:0 9-1 2°5 69 1-7 03 
1952-53 34:9 27:3 10°7 8-7 2°4 75 4°5 3-4 
1953-54 35°3 23°1 9-8 79 2:3 76 6'1 71 
1954-55 33°8 20:2 91 72 2:2 72 64 11°8 
1955-56 35'3 18-3 8°5 Te 2:2 8-0 69 32 
1956-57 31°6 16°3 8-9 9°5 2°5 68 68 1671 
1957-58 29:2 12:7 7:3 93 y | V2 10°3 20°6 
1958-59 34-4 11-3 6°4 98 20 58 10°7 19-2 


In the early stages of development of the Centre, particular attention had 
to be paid to improvement of technique to maintain a satisfactory conception 
rate and to cope with the ever-increasing demand for service. In 1952 the 
technique for the handling of frozen semen had been worked out, and the 
Centre was able to offer a service for nominated bulls and also to investigate 
the possibilities of exporting frozen semen. 

These new developments were particularly important in relation to the use 
of two Dutch bulls which had been bought at the sale of imported stock 
at Peterborough in 1950. There had been considerable interest in these 
bulls, particularly in Horlicks (Imp ’50) Adema 66, and semen from him 
was being widely distributed throughout the country. Several consignments 
of semen were also exported to Australia. 

Analysis of the production of the progeny of many of the bulls first used 
in Somerset and elsewhere showed that, in spite of careful selection on tra- 
ditional lines, they were not improving yields as much as had been hoped, 
and a new approach to bull selection was needed. The centralization of milk 
records in the Bureau of Records was established by the Milk Marketing 
Board in 1946 and, after three or four years, information on which to base 
bull selection became more readily available. From the accumulated data, 
factors which enable a more reliable genetic assessment of bulls and their 
ancestors could be used as a basis of bull selection. 


New Proven Bull Service popular 

As a result of improved methods of selection, the Centre now has a high 
proportion of progeny-recorded sires available, but in spite of this the pro- 
portion of nominated services is only a little over 5 per cent. The relatively 
low conception rate of frozen semen compared with fresh semen (55-60 per 
cent compared with 70 per cent at 60-90 days) is probably the main reason 
for such limited use of the nominated service. However, to make the widest 
possible use of these proven sires, and to achieve the maximum conception 
rate using fresh semen, a special Proven Bull Service was introduced experi- 
mentally on Ist October 1959. As the scheme has proved so popular with 
members of the Centre—over half of the Friesian inseminations are being 
served by the bulls selected for this service—it is intended to extend the 
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scheme to other dairy breeds. Shorthorns and Ayrshires will be used in the 
near future and Guernseys and Jerseys later. 

It is intended to extend this type of service until the majority of insemina- 
tions carried out by the Centre are by progeny-tested bulls. The stud of 
proven bulls will be maintained by introducing young bulls, which will be 
used to achieve, as soon as possible, enough inseminations in milk recorded 
herds to provide sufficient progeny for a progeny test. The use of these bulls 
will then be restricted by laying them off until their first crop of daughters 
have completed their first lactation. If this progeny sample is then judged to 
be satisfactory in milk yield, milk quality and conformation, their sires will 
then be returned for extensive use at the Centre. Some bulls proven in 
breeders’ herds will be necessary to supplement those proved at the Centre, 
however. Plans such as those which are now coming into operation will 
ensure the widest possible use of the best breeding material to achieve even 
more rapid and reliable progress than A.I. has achieved in the past. 


The Coming of Hybrid Maize 


NIGEL HARVEY 


Hybrid maize, the American “hybrid corn”, is one of the most remark- 

able agricultural achievements of the present age. Mr. Harvey, who spent 

a year as a Kellogg Fellow at Purdue University in the cornbelt state of 
Indiana, tells the story of this development. 


ONCE upon a time, long, long ago—so runs one of the tribal legends of the 
Red Indians—a young warrior clad in green and yellow appeared before 
Hiawatha as he sat meditating by the lakeside and challenged him to a 
wrestling-match. For three nights they strove together and neither could gain 
the advantage. But on the fourth night Hiawatha slew his mysterious oppo- 
nent, stripped him of his garments and buried him. And, behold, as the 
months passed, a glorious new plant grew from the dead warrior’s grave: 


. the maize in all its beauty, 
With its shining robes about it 
And its long, soft yellow tresses. 


Then Hiawatha cried aloud in pride and gratitude, for he knew that his 
challenger was none other than Mondamin, the friend of man, and that his 
wrestling had won for his people a new gift from the Great Spirit, the 
wonderful gift of maize. 

Like many other myths, this tale recalled the past, for in Hiawatha, who 
won so great a gift by long and weary wrestling, we can see personified the 
forgotten generations of Red Indian farmers whose efforts created the maize 
plant we have inherited from them. It also unknowingly foretold the future. 
In our time, the successors of Hiawatha have won further gifts from the 
successors of Mondamin. Indeed, the development of hybrid maize is one of 
the greatest agricultural achievements of this age. 
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Insect resistance can be bred into hybrid maize. 
(Above) A hybrid susceptible to Japanese beetle 
(Below) A hybrid resistant to this pest. 
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Common Causes of Poor Hatchability (Article on pp. 308-14) 





Chicks (19th day of development), showing extensive “clubbed down” associated with 
riboflavin deficiency. 


— 





Turkey poults at 26-day-stage of incubation. The abnormalities were not associated 
with any nutritional deficiency, but there was considerable evidence of a genetical 
origin. 





Common Causes of Poor Hatchability (Article on pp. 308-14) 





Biotin deficiency; 18th-day embryo cleared and stained with alizarin red to show the 
shortening and distortion of the long bones and the parrot beak associated with 
chondrodystrophy. 





THE COMING OF HYBRID MAIZE 


Ancestry of maize uncertain 


But the ancient tradition continues. The new maize, like the old, is man- 
made, for maize in its historical form is a human creation. It is too vulner- 
able a plant to survive under natural conditions. We do not know its exact 
ancestry, which is still a matter of research and hypothesis. Neither do we 
know by what patient skills of observation and selection the Red Indian 
farmers transformed primitive types of maize into one of the most produc- 
tive and versatile of crops. But we do know the measure of their achievement. 
By the time Columbus reached the New World they had developed most of 
the main types of maize which we use today, and they grew them from 
Canada to Chile. The various civilizations which the white men found in 
North, Central and South America all alike depended on maize. Mondamin 
was a good friend to the Indians. 

Yet, when the time came, he betrayed the sons of Hiawatha by giving the 
future conquerors of the red men the aid and comfort without which they 
could hardly have established their tiny colonies on the North American 
coastline. For maize was a far more effective crop for the pioneers than the 
grains they had brought with them from the Old World, and there was 
prophecy as well as salvation in those “divers baskets of Indian corn, some 
whereof was in ears, fair and good” which the Pilgrim Fathers unearthed 
from the Indian field that bleak November day in 1620. Maize saved the 
lives of the newcomers. It made easier the inland migration of those who 
came after them. As the frontier rolled westward, the European axe cleared 
the fields, the European plough cultivated them. But it was American corn 
that gave the increase. 


Achievement by flair 


It was, however, some time before the Americans applied the white man’s 
science to the red man’s corn, and for over a century the future of maize lay 
in the hands of farmers, who worked as the Indians had worked before them, 
by sight and feel and flair. Their achievements were remarkable. In par- 
ticular, they crossed the early, slender-stalked “flint” corn with the late, 
heavy-stalked “gourdseed” corn to produce the improved “dent” varieties, and 
they developed new and valuable strains of the stock they thus created. But 
their work depended on personal artistry and they could not transmit their 
gifts to others. Neither did their resources allow them to investigate the 
hidden causes of the improvements they secured. Like explorers without 
maps, they observed faithfully what they saw around them, and frequently 
drew almost inspired deductions from it. But they knew nothing of the 
territories which lay beyond their immediate ken. Yet it was these territories 
that held the possibilities of new and radically improved forms of maize. 

It was significant, therefore, that the men who created hybrid maize were 
not farmers concerned with agricultural improvement but scientists con- 
cerned with the secrets of corn’s birth and growth. It was equally significant 
that the first great name in the new order of maize-breeding came from a 
country where farmers did not grow maize. The name of this scientist was 
Darwin and his experiments were prophetic. In a series of trials with different 
types of plant he found that crossbreeding usually increased the vigour of 
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the next generation. This was no new discovery—investigators had noted the 
phenomenon of “hybrid vigour” in crossbreds before he was born, and he 
was doing no more than continue the work of his predecessors. But among 
the plants he used was maize, and in an experiment in 1871 he noted that 
crossed maize grew twenty per cent taller than self-fertilized maize. Darwin 
was the first man to observe in maize the working of the natural force which 
his successors were eventually to harness for human benefit. 


Progress by research 

It was apparently Darwin’s report of this set of trials, published in 1876 
in The effects of cross and self fertilization, that caught the eye and mind 
of W. J. Beale, Professor of Botany at Michigan Agricultural College, 
far away in the American cornbelt. In 1877 he, too, crossed corn in a 
series of trials. But he measured the results by the yield of the plants, not by 
their height, and he found that the weight of grain from his crosses was a 
quarter greater than that from their parents. He did not continue his work 
on maize, but he had made the way clear to others. In the words of the tablet 
to his memory erected on the site of his experimental plots, he was “the first 
to cross-fertilize corn for the purpose of increasing yields through hybrid 
vigour”. He had brought a new technique of maize-improvement into the 
world and shown its effectiveness in practical, measurable form. 

Beale owed much to Darwin. His successor, G. H. Shull of Cold Spring 
Harbor Research Station on Long Island, owed much to Mendel. He was, 
indeed, one of the earliest followers of Mendel, and his first experiments with 
maize were designed to show the workings of the Mendelian Law. But they 
showed him much else besides. They showed him inbred maize plants getting 
weaker generation by generation. They showed him hybrid vigour arising 
from the crossing of these inbred lines. They also showed him, less predict- 
ably, that prolonged inbreeding dissolved even supposedly pure strains of 
maize into a number of distinct and different types. He therefore concluded 
that every plant in a maize-field was “a mass of very complex hybrids” 
developed down the ages from innumerable simpler, purer types. 

This, he saw, offered the plant-breeder the possibility of selecting desirable 
characteristics and incorporating them in improved strains. As he told a 
meeting of the American Cornbreeders Association in 1908, all maize is 
hybrid maize. Nature has seen to that by millenia of hybridization in the 
fields. But she hybridizes in her own casual way for her own casual purposes. 
She knows nothing of human needs. So, since the farmer is getting hybrid 
maize in any case, why not see that the particular hybrid he gets is the sort 
he wants? 

The principle was clear. Inbreeding separated and purified the strains, but 
it also weakened them. Crossbreeding created new combinations of the strains 
thus separated, and obligingly restored the vigour lost by inbreeding. In 
crudely mechanical terms, you could take your maize to pieces and put the 
pieces together again in new form; and the harm done by one process was 
made good by the other. But the practice raised new difficulties. The yield 
of seed from inbreds was small, and the inbred ears themselves were below 
normal size and unattractive in appearance. It was unlikely that farmers 
whose eyes and hands had been trained on the large, well shaped ears ex- 
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hibited so proudly at shows would accept such “small, twisted nubbins” as 
seed. This problem was overcome by D. F. Jones, of Connecticut Agricul- 
tural Experiment Station, who in 1917 evolved the technique of the “double 
cross”, whereby four inbred lines could be blended into a new variety of 
hybrid. This produced a good yield of seed of normal appearance. So, after 
half a century’s work by three generations of scientists, hybrid corn became 
a commercial proposition. 


Commercial production of hybrid seed 


Nevertheless, it was another twenty years before their work came to literal 
fruition in the farmer’s fields, for it needed more than genetical knowledge 
to produce hybrid maize in commercial qualities and quantities. It needed 
time and skill to select good material, to inbreed it for four, five or six years, 
to test the value of the new lines as parents for new hybrid combinations, to 
develop, prove and market the new hybrids. It also needed considerable 
resources, for experience soon showed that, on an average, barely one in a 
thousand of the lines produced by inbreeding was a suitable ancestor for 
commercial strains. The implications were clear. The breeding of hybrid 
maize was not a job for the individual farmer but for the public institution 
and the specialized firm. 

Thus was created a new form of agricultural enterprise, the hybrid seed 
corn industry. Once started, its development was phenomenal; indeed, it 
provides a model example of supply creating demand and demand en- 
couraging supply to the mutual advantage of all concerned. For the new 
corn had much to offer the farmer. It gave yields some 20 per cent above 
those of the older varieties, was more uniform and therefore easier to mech- 
anize. It stood up better at harvest, was more responsive to high fertility, and 
suffered less in times of drought. All this was obvious to any farmer who 
used it; equally obvious to any farmer who watched any other farmer using 
it; and there were plenty of salesmen prepared to persuade enterprising 
farmers to give the new seed a trial. Thus, in the cornbelt state of Iowa, 70 
per cent of the farmers who heard of hybrid maize in 1930 heard of it from 
salesmen, and 6 per cent heard of it from neighbours. But in 1933 only 27 
per cent heard of it from salesmen and 60 per cent heard of it from neigh- 
bours. Like many other crops, hybrid maize spread over the fence. 


The general achievement 


Few crops, however, can have spread over so many fences at such speed. 
In the early 1930s the proportion of hybrid maize in the total American 
maize-acreage was negligible. By 1940 it was over one-third. By 1950 it was 
nine-tenths. Today in many areas of America the older open-pollinated 
maize is not even a curiosity. 

The results of this dramatic change are most conveniently expressed in 
statistics. At the end of the first world war a hundred million acres of 
American soil produced 2} million bushels of maize. At the end of the second 
world war ninety million acres produced three billion bushels. And last year 
only eighty million acres produced over four million bushels. Thus, while the 
acreage fell by a fifth, the total yield increased by a half. Many people, 
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notably the engineer and the chemist, shared in this massive success. But a 
very substantial part of the credit must go to the plant breeder. 


Local victories 

So great was the achievement of the hybridizers. But its statement in such 
general terms conceals the varied multitude of minor achievements that 
compose it. To quote a few random examples, it took men like Holbert of 
Illinois years of work to identify strains at least partly resistant to chinch 
bugs, corn borers, rice weevils and other insects, and breed them into hybrids 
which paid less toll to these pests. It took men like Brink of Wisconsin years 
of work to develop hardy varieties capable of thriving in the cold north. It 
took Hoffer and Smith of Purdue University, Indiana, years of work to create 
the heavy-yielding, uniformly-maturing and wilt-resistant Golden Bantam 
cross that revolutionized the sweet corn canning industry. These were merely 
local victories in a vast, general campaign. But they illustrate more clearly 
than the most dramatic statistics the importance of hybrid corn. The statistics 
merely record the consequences of a technology. The particular instances, 
even in the briefest terms, demonstrate at once its resources and its possi- 
bilities. 

Such, in simplified, diagrammatic form, were the origins of one of the 
most remarkable success stories of our age. Primarily, of course, it is a scien- 
tific success-story, for the background was the inadequacy of the old tradition 
of the practical man; common sense and experience alone could never have 
created hybrid corn. But paradoxically the scientists, who cared greatly for 
the knowledge that enabled them to create it and little for the application of 
that knowledge, proved themselves more practical than the practical men. 
Because they sought understanding of what Bacon called “the secret causes 
of things”, they became the only true begetters of hybrid maize. Without 
them it could never have come into existence. Nevertheless, the work of the 
scientists is only part of the hybrid corn story. 


Work of the middlemen 

For the men and disciplines of the laboratory made the new form of the 
old crop possible. They did not make it immediately practicable. That was 
the task of the agricultural middlemen, who devised and applied techniques 
for testing the scientists’ discoveries under farm conditions and presenting 
them to the farmer in commercial form. And by a rare chance we know a 
good deal about these men and their work, for this is one of the few develop- 
mental phases of agricultural technology which has found a place in the 
history-books. 

Richard Crabb, the American agricultural journalist who published his 
Hybrid-Corn Makers in 1947, was not a great scholar. But he was a lively 
and painstaking reporter and he was able to interview every man then living 
who had taken a major part in the development of hybrid corn. It is, indeed, 
difficult to think of any other book which describes in such detail the work 
of that crucial but elusive class, part scientific, part technical, part advisory, 
with whom so much of the agricultural future now lies. The main impression 
left by Crabb’s book is the sheer immensity of this job of literal re-formation, 
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the sheer mass of routine work involved in testing, measuring, recording and 
evaluating the new plants on their weary journey from seed plot via field- 
trial to commercial sale. The men responsible for this work at official Agri- 
cultural Experiment Stations or on the research farms of private companies 
seldom earned more than local fame. But it was they who made hybrid corn 
a pervading economic reality. Without their thought and effort it would have 
remained a mere hope. They deserved their historian. 

Of course, all this happened a long way away and some time ago, and we 
can only see a little of its consequences in our own country. But the story of 
hybrid corn is not without its lessons for farmers on this side of the Atlantic, 
for it provides a classic case-study of the ways and means of agricultural 
development in the present age. Hiawatha has many modern successors, and 
they win their victories as he won his, by effort and skill. 
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Common Causes of Poor Hatchability 


B. S. HANSON, M.R.C.V.S. 
Central Veterinary Laboratory, Weybridge 


A low rate of hatching may be due to any one of a number of causes— 
the stock itself, overcrowded houses, wrong feeding, bad storage, etc. 
Many of these could be avoided. 


Poor hatchability is the chick producers’ form of “crop” failure. As with 
many such setbacks, the full extent of the resultant economic loss is not im- 
mediately apparent. Poor hatchability and faulty incubation can result in 
weak chicks and a high mortality rate during the first weeks of life. The 
realization that some of the answers to the undiagnosed problems of chick 
mortality might lie in this field stimulated our interest at Weybridge in 
hatchability, a subject which in some respects may appear to be outside the 
usual sphere of poultry pathology. 

Our method of investigation has been based on the examination of suit- 
able samples of eggs from hatch residues and the interpretation of the find- 
ings, using all the background information available. A detailed history is 
essential if any useful advice is to be given, and to this end a qvestionnaire 
was drawn up, which is now in general use. We have also obtained help from 
Veterinary Officers of the Animal Health Division and from County 
Poultry Advisory Officers. Our investigations have led us to conclude that 
although it may be difficult to improve fairly good hatchability (over 80 per 
cent hatch of fertile eggs set), many cases of poor hatchability can be traced 
to avoidable causes. 

The development of a chick may appear to be a gradual process extending 
over twenty-one days, but those days are in fact crowded with ceaseless, rapid 
activity. The growth of the embryo is a construction project with a fixed time 
limit. Its success depends on having the right materials, of the right quality 
and quantity, at the right place at the right time. Any deficiency or deteriora- 
tion of raw material can result in incomplete development. The growth of 
each part must start at its appointed time and continue at its proper pace, 
otherwise normal development is impossible. Premature development of any 
organ or tissue can produce abnormalities, whilst each embryo must grow at 
the same rate as its fellows; if it does not, an irregular hatch will result. The 
supply of the raw materials is the responsibility of the breeding flock; their 
quality can be affected by storage conditions, and their proper use and the 
rate of development are dependent upon satisfactory conditions of incuba- 
tion. It is therefore possible to group the common causes of poor hatchability 
under three main headings: (1) those which originate in the breeding flock; 
(2) those due to faulty treatment of eggs; and (3) those caused by errors in 
incubation. 


Selection and management of breeding stock 


The selection of stock to produce the type of chick required is largely a 
genetical problem. It may not, however, be out of place to emphasize that it 
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is of little use having parents which can produce the type of chick required, 
but whose breeding efficiency is low, or whose progeny, whilst having the 
conformation or growth rate desired, have difficulty in reproducing their own 
kind. 

Another point, sometimes neglected (judging by the cases met) is the 
necessity of maintaining the efficiency of stock cockerels. There may be too 
few male birds in the fiock, or those present may become debilitated more 
quickly than the flock-owner anticipates. Whatever the cause, the resultant 
fall in fertility is preceded by a drop in hatching results. In the early stages 
there is an increase in the number of eggs removed as “clears” on candling, 
and more culls will appear on the hatching trays. Examination of hatch resi- 
due will reveal an uneven rate of development and variation in size of the 
18th—20th day embryos. 

No characteristic abnormalities are apparent, but those which usually 
occur sporadically, such as protruding brains, extra limbs or the absence of 
an eye, occur more frequently. In subsequent hatches it will be found that 
embryonic mortality occurs earlier and earlier whilst the number of infertile 
eggs increases. The early embryonic mortality is due to a proportion of the 
eggs being fertilized by gradually weakening spermatozoa for several days 
after the last fertile service. Some experienced breeders offset failing fertility 
by changing the stock cockerels whenever there is a drop in hatching results, 
but in other instances results are allowed to become very poor before this 
point is considered. 


Errors in housing 


To say that good housing, with ample and adequate ventilation, is perhaps 
of more importance in the production of hatching eggs than in commercial 
egg production may seem trite, but there are several points of particular im- 
portance in breeding flocks. Inadequate ventilation encourages the spread of 
all respiratory disease, and even without the presence of infection can de- 
press breeding performance. Old houses harbour ectoparasites such as lice 
and mites, which even if not responsible for an increase in mortality may en- 
courage debility. Overcrowding encourages chronic coccidiosis and worm 
infestations and, particularly if it is associated with a shortage of feeding 
space, may result in indirect nutritional deficiencies through underconsump- 
tion of the breeding ration. 

Considerable emphasis may be placed on the necessity of assuring that 
nesting material is clean and of a suitable type. Damp nests soiled with 
faeces encourage bacterial contamination of the eggs, with the resulting pro- 
duction of rots, early embryonic mortality, and perhaps later, yolk sac infec- 
tion. Straw, particularly if harvested and baled in damp weather, carries with 
it the risk of aspergillosis. Quite a high percentage of the eggs in some 
samples of hatch residue have been found to be affected with the fungus 
Aspergillus fumigatus, particularly from turkey and duck eggs. 

Although this condition cannot be considered an important cause of re- 
duced hatchability, the presence of eggs affected with fungus is an easily 
visible indication that nest-boxes are probably in a condition which will 
encourage bacterial contamination. If nest-boxes are lined with clean, suit- 
able material (e.g., wood wool) which is frequently changed, very few eggs 
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should need cleaning, and in fact these should be so few that ‘dry cleaning 
is practicable. Washing or rubbing with a damp cloth should be avoided, as 
these methods only encourage the entry of bacteria. Germicidal dipping has 
become popular and is of proven efficiency, if properly carried out. It is 
absolutely essential, however, to keep the dipping solution at a temperature 
above 80°F, to change the solution at proper intervals, and to ensure that all 
eggs drain properly and are not left standing in pools of moisture. The atten- 
tion required to carry out germicidal dipping efficiently may prove expensive 
in time and labour. Perhaps it would be advisable to retain this method for 
use when specific infections such as salmonellosis are known to exist. For 
general purposes the cost of frequently renewing nesting material is unlikely 
to exceed those incurred in operating an efficient dipping routine. 


Incorrect feeding 


Faulty nutrition, still the most important single cause of poor hatchability, 
can arise from two main sources. A direct deficiency (that is, an absence or 
insufficiency of some essential food factor) can arise from incorrect com- 
pounding, inferior components, faulty mixing or poor storage conditions re- 
sulting in rancidity or some similar deterioration. Indirect deficiencies can 
result from dilution of the breeders ration by excessive grain feeding, particu- 
larly if the grain is of poor quality, while, as already mentioned, parasitism 
and underconsumption through overcrowding or lack of trough space may 
have a similar effect. 

If a number of the unpipped eggs from the residue of a hatch which has 
given poor results due to some nutritional deficiency are broken out, it will 
be seen that the embryos fall into definite age groups. From this it can be 
concluded that embryonic mortality was particularly high at certain periods. 


Significant mortality patterns 
26r — Normal mortality curve 
— — — High initial incubator temp. 
me SP a ON Me egoalers Poor hatching conditions 
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In most cases of this type it will be apparent that the greatest number of 
deaths have occurred between the 11th and 13th days of incubation. Other 
mortality peaks will have occurred at the 4th—Sth day and perhaps at the 
16th-17th day, while the peak between the 18th and 20th days (normally the 
highest) will be more prominent than usual. A mortality pattern of this type 
is always associated with some nutritional fault in the breeding flock. 

If this was all the evidence available, it would be sufficient to warrant sus- 
picion of a non-specific deficiency, but the next step in making a diagnosis is 
to see whether any of the individual embryos show anomalies which might 
enable some specific fault to be recognized. Certain anomalies of embryonic 
development are constantly associated with some nutritional deficiencies and 
may for most practical purposes be regarded as specific. Perhaps the com- 
monest are those seen where a deficiency of riboflavin is adversely affecting 
hatchability. There is a marked mid-incubation peak of mortality accom- 
panied by a deformity of the developing plumage. The down feathers are 
coiled and encapsulated, in a manner usually described as “clubbed down”. 
This lesion appears to a varying extent in embryos from the 12th day of 
development, when feather formation begins. A considerable number of the 
embryos are dwarfed and oedematous (swollen with fluid), whilst the legs are 
displaced and the toes slightly curled. This dwarfing, known as nutritional 
micromelia, may be so marked that 17th day embryos are about the same 
size as 14th or 15th day normals. 

Deficiencies of biotin and folic acid result in dwarfed embryos, but certain 
well-marked skeletal abnormalities also occur. The leg and wing bones are 
shortened and thickened, the skull is domed and the embryos have parrot 
beaks. This type of abnormality, which is known as chondrodystrophy, can 
occur sporadically; a genetical form has been seen in turkeys. Where it is of 
nutritional origin, a considerable number of embryos will be affected and 
certain peaks of mortality will be prominent. In biotin deficiency there is a 
peak about the 8th day of development, and in folic acid deficiency the 
greatest mortality occurs soon after pipping. Similar monstrosities are seen 
if there is a deficiency of manganese, but in this case the main mortality 
occurs about the 20th day of incubation. In biotin and folic acid defi- 
ciencies, the tibias of the dwarfed embryos are distinctly bent; in other types 
of chondrodystrophy they are usually straight. A manganese deficiency is 
frequently accompanied by the appearance of a number of ataxic chicks 
(“‘stargazers”’) on the hatching trays. In many of these chicks the shanks will 
appear abnormally short, and some will have parrot beaks; in others the 
hocks may be flattened and the tendons displaced (perosis). A diagnosis of 
manganese deficiency can be confirmed by an analysis of the livers of sus- 
pected specimens. 

The deficiency of another member of the vitamin B complex is character- 
ized by recognizable lesions in the embryos. When there has been an insuffi- 
ciency of vitamin B,, a peak of mortality is evident about the 17th day of 
development. The embryos show a distinct shrinkage, which is particularly 
marked in the leg muscles (myoatrophy). Haemorrhages are seen around the 
head and legs, and sometimes in the musculature. 

In practice, of course, it is not unusual to examine a hatch residue and find 
evidence of deficiencies of several numbers of the B group vitamins in the 
same sample. In some cases, however, it is difficult to estimate accurately the 
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significance of the lesions, and it must always be remembered that some de- 
ficiencies (e.g., of calcium) do not produce characteristic lesions. The diag- 
nosis of a specific deficiency does not necessarily imply that it is the only 
deficiency occurring. Further, although a certain deficiency may be obvious 
there is no means of telling how it occurred—whether it was simple and 
direct, or whether it was due to deterioration in the food or some fault in 
husbandry. These inquiries can be pursued only on the farm, and one should 
always bear in mind that an unbalanced diet is not the only source of nutri- 
tional deficiencies. 


Egg storage and selection 


A perfect hatching egg, hygienically produced, free from bacterial con- 
tamination and containing all the factors essential for the production of a 
healthy chick can be ruined before it reaches the incubator if collections are 
infrequent, or storage is prolonged or unsuitable. When an egg is laid, the 
fall in temperature brings embryonic development to a halt until incubation 
is commenced. Any delay in halting this development, which started in the 
oviduct after fertilization, will result in a setting of eggs being at different 
stages of development when incubated, and will finally result in an uneven 
hatch and increased embryonic mortality. If a nest-box is used in turn by 
several hens, the eggs already laid are kept at a temperature sufficiently high 
to maintain embryonic growth. In wet weather or in unhygienic conditions 
there is the added danger of bacterial and fungal contamination. Frequent 
collections are the only means of avoiding these hazards. Similar effects can 
result from poor storage conditions or unduly prolonged storage. Seven to 
ten days is generally regarded as the maximum period of storage desirable, 
and there is considerable evidence to support this. If this period is not ex- 
ceeded, and yet hatching results show a deterioration in direct proportion to 
the length of time eggs were stored, there would be good reason for suspect- 
ing unsatisfactory storage conditions. The following figures from a recent 
case are quoted as an example: 


No. of days stored Percentage hatchability of all eggs set 


9-16 69 
2- 9 te 
1-2 80-7 


Uniformity of development is essential to successful hatching. This cannot 
be obtained unless the eggs set are as uniform as possible in size, shape and 
shell texture and may therefore be expected to respond equally to the same 
conditions of incubation. A large thick-shelled egg requires different condi- 
tions of temperature and humidity from a small thin-shelled one, and in an 
incubator only one set of conditions exists, apart from slight variations. Oc- 
casionally cases have been seen where quite a lot of eggs failed to hatch be- 
cause they contained twin embryos. This was due to double-yolked eggs 
being set, and could have been avoided by careful candling before setting. 


Incubation management 
Incubator manufacturers have made many technical improvements to their 
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machines in recent years and there has been a more scientific approach to 
methods of incubation, but there is still a good deal of reliance on art and 
individual skill. Many chick producers get good results from rather ancient 
and technically unsound machines, and the absence of the hatchery foreman 
may still result in lower hatching results for a period. Although faulty incu- 
bation is a fairly common cause of poor hatching results, particularly in the 
smaller hatchery, it is difficult to offer general advice. Each case must be con- 
sidered individually. A few of the commoner faults can be mentioned, how- 
ever. Generally speaking, they fall into three groups: inadequate mainten- 
ance, incorrect operation, and unsuitable incubator rooms. 

Thermometers do not remain accurate indefinitely, and fan belts become 
slack and doors poorly fitting. Bi-metal thermostats become fatigued, and 
certain other types are subject to changes in barometric pressure, making 
temperature control difficult. Even the correction of these faults is not with- 
out risk, for instances have been known where a slack fan belt has been tight- 
ened too much and has caused a harmful change in ventilation, temperature 
and humidity. 

The greatest operational difficulties are usually associated with supplying 
the correct amount of humidity. In many incubators this is entirely dependent 
on the skill of the incubationist, and the same applies to the variations re- 
quired in ventilation. Only trial and error and a good deal of experience can 
overcome these difficulties. If a hatch is earlier than normal a high average 
temperature might be suspected; a late hatch might indicate a low tempera- 
ture throughout the incubation period. Small sticky chicks with rough navels 
are indicative of high temperatures or too little humidity in the hatcher, but 
large moist chicks suggest an excess of humidity. If much of the hatch residue 
consists of embryos which have died after pipping, something is probably 
wrong with hatching conditions. But if most of the remaining eggs are un- 
pipped, some of the other possible causes already mentioned must be con- 
sidered. 

Evidence that a high peak of mortality accounting for most of the em- 
bryos has taken place at one particular period during incubation suggests 
that some accident, such as a sudden rise in temperature, occurred at that 
period. A temporary rise in temperature is always more disastrous than a 
fall; the damage done by a power cut is due to the interference with ventila- 
tion, not to any heat loss. 

Although ideally an incubator should function satisfactorily in whatever 
environment it is placed, in practice environment is of considerable import- 
ance. Marked changes in the temperature and humidity of an incubator room 
should be avoided, whilst faulty ventilation can reduce the oxygen supply to 
a dangerous level, particularly during hatching. Direct draughts falling on 
the side of an incubator may result in “cold spots” which either cause poor 
hatching in certain trays or interference with the ventilation of the whole 
machine. Finally it should be remembered that if a machine is working satis- 
factorily in a certain environment, moving its position, or any structural 
alteration to the incubator room, will probably necessitate some adjustments 
of the controls, for the environment which was previously satisfactory will 
have been changed. 

The following table gives an indication of the comparative frequency with 
which the main causes of poor hatchability occur. 
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Summary of 241 Investigations in 1959 


Undiagnosed or inadequate samples 74 
Infertility 25 
Bacterial or fungus infection 38 
Faulty selection or storage 7 
Faulty nutrition in breeding flock 71 
Faulty incubation 26 

Total 241 
Total number of eggs examined 9,662 


Many hatchability problems have a complex origin and their solution is 
elusive, but in quite a number of cases the cause is recognizable and prevent- 
able. These preventable causes of poor hatchability represent an avoidable 
waste which could be turned into an increase in profits without any addi- 
tional outlay. 


“The Origin of Species” and Agriculture 
GEORGE ORDISH 


The idea of this short article is to give some account of the background 

and impact of Charles Darwin’s book The Origin of Species, and to show 

how it arose largely from consideration of farming practice and how in 
its turn it greatly influenced agriculture. 


IT is just over a hundred years ago that Darwin’s The Origin of Species was 
published—the book that was to have such a profound effect on modern 
thought and to give rise to so much controversy. The idea that all the 
different species of animals were not separate creations, but that they grew 
out of each other, first occurred to Darwin when he was a young man in 
South America on the famous Voyage of the Beagle, but the argument he 
uses in The Origin in supporting his theory largely springs from his observa- 
tions of domestic plants and animals—in fact from agriculture. The concept 
was not entirely new, for Darwin himself quotes Aristotle as in some measure 
foreshadowing his theory; contemporaries and naturalists nearer his own 
time, such as Lamarck, Wells, Owen, Huxley and Wallace, were also ap- 
proaching the theory. 

The idea of a separate and distinct act of creation for all animals and 
plants, somewhat in accordance with the account in Genesis, was readily 
acceptable to the young Darwin, for at that time he was a theological 
student, but his intense interest in natural history, the influence of tutors, 
friends and the works of his famous grandfather Erasmus Darwin (1731- 
1802), who in his book Phytologia, or the Philosophy of Agriculture and 
Gardening maintained that plants have both feeling and will, led him to 
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accept the post of (unpaid) naturalist on the Admiralty’s round the world 
charting voyage of H.M:S. “Beagle”. 


Speculation and observation 


The son of a wealthy and respected Shrewsbury doctor, the young man 
had no pressing need to take up a profession, and during this voyage it was 
the relationships between similar animals, the fossil record and a speculative 
mind, that led him to doubt the accepted biblical account of creation. It was 
moreover in domestic animals and plants that one could see the creation 
going on, by man-directed efforts, of, if not new species, at least varieties 
differing vastly from their ancestors. How very different were the Hereford 
cattle from their wild longhorn ancestors, how very many different kinds of 
apples, beans and pigeons there were and so on.* 

A considerable portion of Chapter 1 of The Origin is concerned with the 
breeding of farm stock, for instance the selection of sheep best suited for 
highlands or lowlands, wool or mutton: he quotes Lord Somerville, who 
said of sheep-breeders, “It would seem as if they had chalked out upon a 
wall a form perfect in itself and then had given it existence.” He mentions 
two careful sheep-breeders, Mr. Buckley and Mr. Burgess, who obtained 
their original Leicester stock from no less a person than Bakewell himself 
and yet after fifty years produced two very distinct strains: then he says how 
different is “Eclipse”, famous still, from a dray-horse. Darwin then notes the 
same thing in plants—how different are the leaves of the different varieties 
of cabbage and how similar the flowers, how gooseberries vary and so on. 
The importance of this agricultural theme so impressed Darwin that nine 
years after the publication of The Origin he expanded this first chapter to a 
two-volume book, The Variation of Animals and Plants under Domestica- 
tion (1868), another fine model of lucidity and clear writing. 

Agriculture and gardening showed him that species of plants and animals 
could be changed: no special act of creation produced the Hereford cow, 
the sweet pea or the tumbler pigeon; consequently it was legitimate to ask, 
as they could be changed, had not this process actually made all the different 
species in the first place? He was encouraged in this by some remarks of 
W. C. Wells in a paper which had appeared in 1818, on subjects which one 
would not associate with evolution, namely essays on “Dew” and on “Single 
Vision with Two Eyes”. Wells mentioned the possibility of evolution in man, 
stating that all animals tend to vary and that agriculturists improved their 
livestock by selection, that what was done by “art, seems to be done with 
equal efficiency, though more slowly, by nature in the formation of varieties 
of mankind, fitted for the countries they inhabit”. 

Here Darwin’s consideration of the fossil record and Malthus’s Essay on 
Population completed the picture. The succession of fossils showed the 
species changing: Malthus pointed out that more offspring were born than 
could survive, which gave Darwin the clue for his book. The next step was 
easy: under these conditions what kinds of young would live? Obviously 
those with characteristics best adapted to survival in the struggle for exist- 





* The Origin of Species. Chapter 1, section viii. 


315 








“THE ORIGIN OF SPECIES” AND AGRICULTURE 


ence would in fact be the ones to survive and produce descendants, an 
increasing proportion of whom would have these favourable characteristics. 
This process, continued over many generations, caused the new species to 
arise. 


The theory made public 

It took the young Darwin a long time to work the thing out. The “Beagle” 
sailed on December 1831 and returned in October 1836. It was not until 
January 1844 that Darwin, now 35 years old, was able to write to Sir Joseph 
Hooker, “At last gleams of light have come, and I am almost convinced that 
species are not (it is like confessing a murder) immutable.” But it still 
required another fifteen years before Darwin gave his theory to the public, 
and he only did so then because A. R. Wallace had reached almost the same 
conclusion and was to publish it. In the end Wallace and Darwin combined 
and gave a joint lecture to the Linnean Society: the book, which Darwin 
meant only to be a summary of his full account, was published the following 
year. 

The first paragraph of the opening chapter of the book both discloses the 
part agriculture played in developing the argument and gives an admirable 
example of his convincing style and clarity: 


When we compare the individuals of the same variety or sub-variety of our older 
cultivated plants and animals, one of the first points that strikes us is, that they gener- 
ally differ more from each other than do the individuals of any one species or variety 
in a state of nature. And if we reflect on the vast diversity of plants and animals which 
have been cultivated, and which have varied during all ages under the most different 
climates and treatment, we are driven to conclude that this great variability is due to 
our domestic productions having been raised under conditions of life not so uniform 
as, and somewhat different from, those to which the parent species had been exposed 
under nature, There is, also, some probability in the view propounded by Andrew 
Knight, that this variability may be partly connected with excess of food. It seems clear 
that organic beings must be exposed during several generations to new conditions to 
cause any great amount of variation; and that, when the organisation has once begun 
to vary, it generally continues varying for many generations. No case is on record of a 
variable organism ceasing to vary under cultivation. Our oldest cultivated plants, such 
as wheat, still yield new varieties: our oldest domesticated animals are still capable of 
rapid improvement or modification. 


Controversy 

Darwin hoped that his book would be of interest both to scientists and 
laymen; he had no idea of the violent controversy he was going to create, for 
it broke into Victorian complacency just at that moment when doubts were 
arising as to everything being for the best in the best of possible worlds. The 
edition of 1,125 copies was sold out in a few days: many churchmen 
attacked it as godless and immoral. Cambridge University Library refused 
to have the work on its shelves, even in the arcana of indecent books: the 
great clash came at the meeting of the British Association for the Advance- 
ment of Science in the summer of 1860. The idea that had seized the popular, 
and the churchmen’s, imagination was that man was descended from the 
monkey and consequently not especially created in the image of God by 
God. It was overlooked that Darwin never claimed this to be so, and that 


316 





“THE ORIGIN OF SPECIES” AND AGRICULTURE 


even if this were true it did not preclude the possibility of Divine intervention 
and creation. 

At Oxford Bishop Wilberforce (known as “Soapy Sam”) led the attack. 
Darwin was ill, or perhaps too shy to be present, but the theory was ably 
defended by Thomas Huxley (he was known as “Darwin’s Bulldog”). Oxford, 
a centre of theological studies, was firmly against the evolutionists and con- 
sequently the meeting at first supported the withering attack mounted by the 
bishop, who was an able speaker. In his peroration, Wilberforce sarcastically 
asked his opponent “whether he was descended from a monkey on his 
mother’s or his father’s side?”’. 

Huxley, in defence, kept his temper, developed the argument with such 
force and logic that he carried the house with him and only cut at the bishop 
at the end, with the remark that he would rather be descended from a 
monkey than use his great gifts and position to conceal the truth. The evolu- 
tionists had won the first battle, but it was hard for man to accept his humble 
descent; in fact it still is. 

Today we all accept evolution, but not pure Darwinism, for, of course, he 
was not right all along the line: he was ignorant of much that would have 
explained the mechanism of evolution, such as the importance of mutations 
in forming new varieties and species, and the mathematical effects of the 
dominant and recessive genes uncovered by Gregor Mendel (1822-84). It is 
indeed most unfortunate that Darwin and Mendel never met or even corre- 
sponded, for they would have complemented each other’s work: the laws of 
inheritance would have been unravelled that much earlier with the conse- 
quent earlier benefits for science and agriculture. Subsequent workers dis- 
covered chromosomes and their genes, mutations and their importance and 
completed the story. 


Reflections in modern agriculture 


The Origin of Species arose largely from a consideration of agriculture 
and had a profound effect on it: the book was so clearly written, the argument 
so convincing, the assembling of ideas so good that scientists were induced 
to work on it and filled in the whole picture. Anywhere we look on the farm 
today we see high production—the ten-gallon cow, the thirty-cwt wheat and 
the modern ley for example—giving yields that would have astonished 
Darwin’s contemporaries—yet in fact they all spring from this remarkable 
book. Although able, clear and exact, he was a humble man and not un- 
godly. The Origin is prefaced with a quotation from Francis Bacon’s 
Advancement of Learning: 


“To conclude, therefore, let no man out of a weak conceit of sobriety, or ill-applied 
moderation, think or maintain, that a man can search too far or be too well studied in 
the book of God’s word, or, in the book of God's works; divinity or philosophy; but 
rather let men endeavour an endless progress or proficience in both.” 
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Nitrogen to help Rough Grazing 


T. Drxon, B.Sc. 
and 
W. S. RAYFIELD, N.D.A. 
National Agricultural Advisory Service, Yorks (North Riding) 


Experience in Teesdale suggests that nitrogen, in conjunction with heavy 
stocking and controlled grazing, can improve rough grazing more quickly 
and cheaply than more usual methods. 


In the past thirty or forty years, several farmers in Teesdale have used 
nitrogenous fertilizer, normally sulphate of ammonia, to improve their rough 
grazing. Sometimes salt has been used for this purpose. While these materials 
produce a similar result, in that cattle will eat the rough growth, their action 
is quite different. Salt acts as a condiment and makes the rough grass more 
palatable; nitrogenous fertilizer encourages fresh young growth which is 
attractive to cattle, and in eating this they are forced to eat the less palatable 
rough grass. Nitrogen, therefore, does two things—first, it leads to a greater 
production of grass, and second, by encouraging closer grazing, it leads to 
the improvement of the sward. 

There is a considerable area of rough grazing which, for various reasons, 
cannot be improved by ploughing and re-seeding and will have to be im- 
proved, if at all, from the top. In the light of the experience of farmers in 
Teesdale, it was thought that nitrogen might have a part to play in the im- 
provement of rough grazings, possibly by speeding up the process or making 
other treatments more effective. In 1956, therefore, three sets of plots were 
treated with sulphate of ammonia to find out whether nitrogen could be used 
to improve rough grazing, and particularly to see if the cost of such work 
could be reduced or an increase in production achieved more quickly, or 
both. At all the sites, sulphate of ammonia was applied at the rates of 1, 2, 
3 and 4 cwt per acre to four plots, each approximately half an acre in extent. 

On two sites the results were disappointing; the treated areas were small in 
large fields and, although stock were attracted to the plots by the sweet young 
growth induced by the sulphate of ammonia, the rough growth was not pulled 
off to any appreciable extent, and there was no significant improvement in 
the sward. 


Results of main trial encouraging 


The results obtained at the third site were much more encouraging. This 
land was at 1,000 feet above sea level—slightly higher than the other two 
sites—with a slight slope to the north east. The shallow, sandy clay con- 
tained some peat and overlaid Carboniferous Limestone. The soil was acid, 
with a pH of 4-9, and phosphate was almost non-existent. Tussocks (Des- 
champsia caespitosa), bents (Agrostis spp.) and rushes (Juncus squarrosus) 
made up the sward. The whole of the farm of 140 acres was very similar in 
character to the area on which the plots were laid out, and had been carrying 
five cows with followers and sixty ewes and their lambs. Even at this level 
the farm was probably overstocked. 

The cattle and sheep were to be grazed in three pastures of twenty acres 
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each, and the sulphate of ammonia was applied to plots in one of the pas- 
tures. All the stock were confined to one pasture at a time, and each pasture 
was grazed about once every three weeks. The growth of young grass on the 
treated plots attracted the stock and the plots were therefore grazed quite 
heavily; both the young grass and old, coarse material were eaten. The 
nitrogen increased the amount of grass and led to improvement of the sward, 
and the close grazing removed the dead and unpalatable material and made 
conditions suitable for the establishment of better grasses and clovers. 


Clover appearing at end of second year 


Nine months after the plots were treated it was evident that a considerable 
improvement had been effected, particularly on those plots where three and 
four cwt of sulphate of ammonia had been used. Until this time there was no 
guide as to how much nitrogen should be applied to this class of land to 
achieve the desired results. It was therefore decided to repeat the dressings 
at the lower rates, to find out whether two applications at these rates gave 
similar results to those obtained from the heavier dressings. By the end of 
the second year this was clearly the case, and there had been a similar im- 
provement over all the plots. During this period tussocks had been reduced 
from a diameter of about eighteen inches to about six inches across, and wild 
white clover was beginning to appear in the sward. It could be seen that the 
nitrogen had led to an improvement in the sward, but it may also have 
encouraged bacterial activity which hastened the decomposition of the mat 
as well. 

The results of this study so impressed the farmer that he applied nitrogen 
as well as lime and slag to similar land which he wished to improve, thus 
speeding up the improvement and making possible an immediate increase in 
the stocking of cattle and sheep. 

Other land has been treated with lime and slag only. It is estimated that 
at the end of a given period the carrying capacity of the land improved 
without nitrogen was half that of the land which has been treated with it. 

The production from the farm as a whole has been almost doubled in 
three years, as the following figures show: 


1956 1957 1958 
17 cows and calves 31 cows 35 cows 
60 ewes 22 calves 29 calves 
170 hoggs January-April 98 ewes and 157 lambs 114 ewes and 160 lambs 
1,000 bales of hay from 1,600 bales of hay from 1,832 bales of hay from 36 
40 acres of meadow 40 acres of meadow acres of meadow. 


From observations made on the plots and the farm as a whole, it is evident 
that nitrogen, in this case sulphate of ammonia, can play an important part 
in the improvement of rough grazing of this type. Lime and phosphate are 
clearly essential—slag is particularly useful under these conditions—but the 
use of nitrogen as well gives a much greater improvement more quicl !y. The 
key to the successful application of this technique is heavy stocking and 
controlled grazing; the results at two of the experimental sites showed that, 
without this, little improvement was effected. In the conditions under which 
the observations were made this is a cheaper and quicker method of im- 
proving rough grazing than those often advocated, and has a wide applica- 
tion in many upland areas. 
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29. Bosworth and Ashby 


C. R. WATERS, N.D.A., N.D.D. 
District Advisory Officer 


MENTION Leicestershire and a picture arises of a county near the heart of 
England—undulating country covered with lush green grass, grazed through- 
out the summer by large numbers of mature red cattle, and watched over by 
tweedy farmers leaning on sticks who spend most of the winter chasing very 
virile foxes over fields divided up by well cut and laid hedges. Arrive in 
north-west Leicestershire and the picture rapidly fades. There is plenty of 
grass and quite enough foxes for all concerned; but there are very few 
farmers leaning on sticks, and at least 90 per cent of the cattle are dairy cows, 
which to the regret of many people are black and white, not red. Here are 
some of the finest hedge cutters in England, but most of the hedges are 
machine trimmed and back-fenced with barbed wire. 

We have mixed farming in every sense of the term; there are very small 
farms, right down to four or five acres, and a few large ones of a thousand. 
There are many reasons for this, but one is the very varied geology; the geo- 
logical map of the area looks like a patchwork quilt. Our western boundary 
with Warwickshire, the Watling Street, is straight, but the remaining three 
sides of the district follow the irregularities of parish borders. The centre of 
the area is the small town of Market Bosworth. Surrounding the town are 
many villages, all on small hills or rising ground capped with glacial sand 
overlying boulder clay, which appears on the surface a short way from the 
hill top. Further down the slope, Keuper Marl with patches of sand appears 
and, at the bottom, alluvium borders both sides of the inevitable brook. 

Farms were often built in the villages and ran down the hills towards the 
water, and on their way they passed over all the soil types mentioned. This 
was one reason for the pre-war pattern of farming, made up of a very small 
area of leys, much permanent grass, and a small arable area on the light land 
near the house. The arable is now about 35 per cent, with most of the grass 
as leys—which means that farmers can no longer choose the soil for their 
arable land. Fields may have a high or very low pH; it may be possible to 
plough them with a small tractor, or they may need a crawler; they may fall 
into a natural tilth or take a lot of skill to work down. The more remote 
roads show up this soil pattern—they may be only twelve or fourteen feet 
wide with banks and no verges, as they go over the hill on the glacial sand, 
widening to twenty or thirty yards, including verges, where they cross the 
Keuper or alluvium. Fields are mainly rectangular and from five to twenty- 
five acres, but there are many small, irregular enclosures by the roadsides. 

Changes are on the way; the glacial sand makes good arable land, and 
farms which are wholly arable and made up of about four enclosures are 
appearing. The owner-occupier is very much in evidence; he needs no one’s 
permission to change, therefore changes are common—parlours replacing 
cowsheds, bungalows replacing ugly three-storied red brick farmhouses, and 
cattle grids taking over from gates. 
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North-west Leicestershire is not all farming. There is the coalfield which 
crosses over the border from Derbyshire, with its associated industries of 
brick and pipe making. On many farms there are pits from which the clay 
was dug to make the houses and buildings; this is evident in the many ugly 
multi-coloured bricks which can still be found. There are two very contrasting 
towns in the coalfield: Ashby-de-la-Zouch, a very pleasant, very old, mainly 
residential town with its ruined castle and associations with Scott’s “Ivan- 
hoe”; and Coalville, a town which sprang up at the beginning of this century 
and bears all the marks of the industry on which it was founded. 

The Coal Measures are dominated by heavy clays, low in phosphate; 
there are, however, patches where Millstone Grit comes to the surface, or the 
clay is overlaid with small patches of Keuper Marl or sand. In addition to 
the difficulties created by such a mixture, subsidence from the rather shallow 
“deep” mines is severe. Buildings lean and crack, and drainage systems 
change their levels, outlets become inlets, or the whole gets a broken back. 
Despite all this, a good farming standard is maintained. Mixed farming with 
a rather lower proportion of arable prevails. 

To the east of the coalfield there are several shapeless villages, just houses 
scattered over the countryside, each having one or two very small fields. 
Land is collected from neighbours to make a holding; one such farm has 
thirty-two fields to make 70 acres, and twelve landlords. Beyond this area to 
the north-east is Charnwood Forest. This is a small intrusion of pre-Cam- 
brian rocks, with a few trees in spinneys and hedges. Bardon Hill, rising to 
just under 1,000 feet, is the highest point. Its farms vary much in size; the soil 
is often shallow, with many stones and boulders near the surface, and most 
of the fields are enclosed by dry stone walls. Water supplies, often derived 
from shallow wells, can give out in a dry summer. The many quarries supply 
a large amount of road-making material, the dust from which is an added 
hazard, as grassland can get thickly coated in summer. The farming, how- 
ever, remains mixed, with a smaller proportion of arable and a larger area of 
permanent grass. Coal, gravel and clay are not the only raw materials pro- 
duced in the district. The farmers, although greatly prejudiced against it at 
one time, now use and benefit from large quantities of Magnesian Limestone 
quarried at Breedon-on-the-Hill, near the Derbyshire border. The hill, which 
has a fine old church on the summit, is disappearing at a great rate. Lead, 
with some silver, used also to be mined from a vein beneath Staunton Harold 
park, and the Hall, now a Cheshire Home, was roofed with this local lead. 

Sheep can be found throughout the district. Old ewes bought from hill 
areas produce one or two lamb crops before being disposed of. Most of our 
farmers are good cattle men and fair arable farmers, but they seem to make 
money from sheep without being good shepherds. 

The climate is fair, with thirty inches or thereabouts of rain: the area is 
350 feet above sea level. Humidity can at times be high; this was no doubt a 
blessing in the days when most of the farms produced the well-known 
Leicester cheese. Brick whey tanks and large stone weights from the presses 
can still be found all over the area. There is plenty of money in the district 
and the people are really democratic. There is a farming ladder, and many 
farmers with 150 or 200 acres started as farm workers or miners. The district 
may not be as first vizualized, but it is still a good place to live in. 
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Glasshouse Statistics 
England and Wales 


CROPS GROWN IN GLASSHOUSES* (January 1960) 


January January 
1959 1960 
acres acres 
Total Area of Glasshouses 
i a ee 3,164 3,098 
Without heating apparatus .........2262. 674 731 
EON 2 eke ee Sas a TS Sass 3,838 3,829 
Area of mobile glasshouses (included in total above) . (a) 191 
Crops in Glasshouses at 15th January 
Ie Wings Kiss. & Ena Ula ad Gikivare Oa Ow ae we AOR dm 438 463 
NSEC OCS ST ey ee 2 1 
I ced, oh lod Senih iis chk nk i660" Oxbneindys 36 34 (b) 
Tomato and cucumber seedlings........... 172 168 
Other vegetables and herte.. . . 0. es 46 45 
ES saa ek. Rene BOW ee eS DR NOS 176 178 
ee ae ee ee ae ee Se 122 119 
Se ee ee ee re er ee ar 6 5 
NN EET OT eee Ee 165 171 
All other flower and foliage crops.......... 340 364 
All other crops not specified above......... 117 152 
ee ee ae a ares ar rare a re are 1,620 1,700 
Remaining glasshouse area (being the area unused 
at 15th January or used for other purposes not 
Be er ee eee aces 2,218 2,129 
Total area of glasshouses................-. 3,838 3,829 
Chrysanthemums in Glasshouses 
Area of chrysanthemums grown in autumn and 
EE oo eh a ele pee Cee Re sw else F 686 704 
Lettuce in Glasshouses 
Area of lettuce completely cleared before 15th 
CP ae ee ee a rere er 35 41 
_ Area of lettuce as at 15th January......... 438 463 
Area of lettuce to be planted between 16th January 
aaa Sash Gee Ge boat dy Bde eves 291 275 
Bulb Flowers in Glasshouses Numbers 
Total number of flower bulbs forced, or to be 
forced under glass during the winter season... 217,377,000 224,336,000 


* Includes Dutch light structures which were glazed at the census date, 

(a) Not collected. 

(b) In the January 1960 census occupiers were specifically asked not to include mushrooms growing in the 
open or in sheds. 

Notes: 1. ““Glasshouse”’ includes any structure covered by plastic film or other glass substitute. 

2. The January 1960 census was limited to occupiers of holdings (of more than one acre of land used for 
agriculture, and with not less than 1,000 square feet of glass) on which the glasshouses were run on a com- 
mercial basis. The figures for January 1959, when returns were obtained irrespective of whether the glasshouses 
were run on a commercial basis or not, have therefore had to be adjusted for the purpose of comparison with 


January 1960, 
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In Brief 


THE NEW MINISTER 


The Rt. Hon. Christopher Soames, C.B.E., P.C., M.P., was appointed Minister of 
Agriculture, Fisheries and Food on 28th July 1960, in succession to the Rt. Hon. 
John Hare, O.B.E., M.P., who has become Minister of Labour. 

Mr. Soames was born on 12th Octo- 
ber, 1920, and educated at Eton and 
the Royal Military College, Sandhurst. 
In 1939 he was commissioned in the 
Coldstream Guards, and served with 
his regiment in the Western Desert. At 
Alamein he was liaison officer to the 
French Foreign Legion, and his dis- 
tinguished service in that capacity won 
him the Croix de Guerre. He was 
wounded in 1942, and later employed 
by an intelligence organization in Italy 
and France. 

After the war Mr. Soames became 
Assistant Military Attaché at the 
British Embassy in Paris. In 1950 he 
was elected Conservative member of 
Parliament for Bedford, and has held 
that seat with increased majorities ever 
since. He has always been interested in 
farming and the land, and from 1947 
to 1953 managed Sir Winston Chur- 
chill’s farm at Chartwell. His maiden 
speech in the House was on the subject 
Photo: Tom Blau Of food production. 

He was Sir Winston’s Parliamentary Private Secretary from 1953 to 1955; 
Parliamentary Under-Secretary of State at the Air Ministry from 1955 to 1957; 
and Financial Secretary at the Admiralty from 1957 to 1958. From 1958 until 
he became Minister of Agriculture Mr. Soames was Secretary for War. 






AES MERET HERBA 


Aes meret herba is the motto of the Yorkshire Grassland Society which, being 
translated in hard-headed Yorkshire idiom, is “grass earns brass”; and, as every- 
one knows, or should know by now, grass well managed brings its own cash 
reward. For its Summer Meeting the British Grassland Society were the guests of 
the Yorkshire Grassland Society at Harrogate from 26th to 29th July, and the 
occasion was appropriately marked by the issue of a 56-page short guide to the 
farming of this “county of broad acres”, with contributions by A. M. Suther- 
land, W. S. Rayfield and J. Gibbons, the N.A.A.S. County Agricultural Officers 
of the East, North and West Ridings respectively. Professor T. L. Bywater writes 
about agricultural education in Yorkshire, and R. Holliday on the county’s farm- 
ing environment. 

John Illingworth, who describes himself as “a native of no mean county”, has 
written a descriptive introduction which reflects his pfide in Yorkshire’s agri- 
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cultural achievement and joy in the beauty that resides in its moors and dales. 
But his joy is not unconfined, for he points with equal honesty to the dreary 
aspect of the Pennines south of the Aire, the desolation of Nardus, Molinia and 
cotton grass moss, and the typical Bronté country “never intended by God to be 
inhabited by man”. He points also to the problem area of small farms “bedevilled 
by poor soils, high altitude, heavy rainfall, sunless summers and an annual soot- 
fall to be measured in hundredweights to the acre”; also to “entrenched valleys 
marred by conurbations wherein only the adaptability of man is to be rever- 
enced”. 

That Yorkshire is a great agricultural county containing within its 3,900,000 
acres a diversity of agricultural production is manifest by its 2,400,000 acres 
under crops and grass and 448,000 acres of rough grazing. 

It is well worth trying to get hold of a copy of this little book. 


SERVING THE FARMER 


The 1960 edition of the Ministry’s useful pocket-sized booklet “At the Farmer’s 
Service” is now available. Whatever the size of your farm, whatever your farm- 
ing interest, you will find guidance on your problems within its 80 pages. 

The first part of the booklet is a handy guide to the various grants and services 
available to farmers in England and Wales; the second is a comprehensive tele- 
phone and address list. This is invaluable, whether you want to get in touch with 
one of the Ministry’s local offices, write to a marketing board or just ’phone for 
the latest weather forecast. 

Free copies can be obtained from the Ministry’s Divisional Offices, or direct 
from the Ministry (Publications), Ruskin Avenue, Kew, Surrey. 


HYPOMAGNESAEMIA IN WEST SOMERSET 


Hypomagnesaemia generally hits the headlines when losses are incurred amongst 
valuable dairy stock. That the problem is also serious in areas mainly devoted to 
livestock rearing is shown by a report of a survey undertaken last year by the 
N.A.A,S. in Somerset. 

Towards the end of 1958 there were many reports of the disease in cattle in the 
hill areas of west Somerset, and there was alarm at the size of the losses. A sub- 
sequent survey of 23 affected farms, chosen at random, and 23 similar but un- 
affected holdings, attemped to identify common factors in husbandry techniques 
which might predispose to the onset of the disease. The 56 cases (31 fatal) on the 
affected farms represented 2 per cent of the total cattle surveyed. 

Both groups contained a fairly uniform proportion of farms of all sizes, 
although the affected group had a rather higher number of farms over 300 acres. 
Altitude and aspect were varied, and did not appear to have any bearing on the 
disease’s incidence. 

The similarity in the amounts of arable, temporary and permanent grass and 
rough grazings in both groups indicated that intensity of cultivation and propor- 
tion of rough grazing had no effect. Also, there was no evidence that age of sward 
was related to the amount of disease. Cases occurred on all types of pasture and 
at all stages of maturity of herbage. 

Farmers in the area had suggested that slagging and liming had some influence 
upon the disease. The survey lent no support to this theory. In both groups, the 
amounts of basic slag and lime used were comparable; times of application varied 
throughout, depending on weather and other circumstances. 

Supplementary feeding, mainly hay with roots or cake also in a few cases, was 
given on half the affected farms—almost exactly the same number as in the un- 
affected group, thus contradicting a suggestion that over-reliance on lush autumn 
grass had been a contributory factor. 
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The disease was not confined to farms with comparatively high output. In both 
groups, the land used per “livestock unit” (1 cow or 5 ewes) varied from 1-5 to 4 
acres of crops and grass. Seventy per cent in each group stocked at a rate of one 
unit per 2-2} acres, and 15 per cent had a lower and 15 per cent a higher stock- 
ing rate. 

Although the authors conclude that “there seems to be no factor which is 
common to the cases recorded”, there can be no doubt of the value of the work 
done, as this serious disease will probably yield only to a concerted attack both 
at the laboratory and farm levels. 

J. H. Clift 


LEARN WHILE YOU FARM 


Three new schemes announced by the City and Guilds of London Institute will 
be of interest to farmers, farm-workers and students, women as well as 
men. One is a part-time course in Farm Records and Accounts for those who 
aspire to hold positions of responsibility in farming and farm management. The 
second provides a part-time course in Farm Maintenance and Repairs, covering 
both theory and practical manual skills. The third is concerned with Farm 
Organization and Management and is designed to give those who are managing 
or preparing to engage in managing farms, whether as farmers on their own 
account, whether employed as managers or in positions of responsibility, an 
understanding of the principles of farm management and the economic factors 
underlying them. It will provide knowledge of techniques useful for the develop- 
ment of a business policy for the farm and its day-to-day running. 

The first examinations in all three schemes will be held in 1961. Interested 
readers should write to the Institute, 76 Portland Place, London, W.1, for details 
of the certificates available, a copy of the syllabuses and a pamphlet called 
Agriculture and Agricultural Engineering 1960-61. 


UNSEEN ENEMIES 


Shell’s new colour film “Unseen Enemies” ought to be seen by every man, 
woman and teenager throughout the western world, for it brings home, as no 
other medium could do, the horrors of the many diseases to which native popu- 
lations in tropical and sub-tropical parts of the world are born heir. The “un- 
seen enemies” are the microbes which cause such diseases as leprosy, elephanti- 
asis, yaws, yellow fever and malaria, and the film shows in all their ghastly 
reality the disfigurement, deformity and distress which they bring, often from 
birth to lingering death. 

It is in this field that the ninety-countries-strong World Health Organisation 
is carrying on its splendid work, bringing succour to millions who would other- 
wise drag out their lives in unredeemed misery. Side by side with the use of 
vaccines, antibiotics and other new drugs emerging from the constant labours of 
research chemists, WHO have mounted an increasing attack against the squalid 
and festering environments wherein the “unseen enemies” thrive and multiply. 
Thus prevention and cure are brought to whole communities of people who 
would otherwise be condemned as a legion of the lost. 

The film runs for thirty minutes and is available in 35 and 16 mm. sizes. It 
can be borrowed free from The Petroleum Films Bureau, 29 New Bond Street, 
London, W.1. 
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The Farming Manual. GeorGE HENDER- 
SON. Faber and Faber. 18s. 


“A man develops about 1} h.p. carrying 
a heavy weight at 34 miles per hour; 
which is very expensive transport—some- 
thing over a shilling a mile. With a suit- 
able truck or barrow on a Jevel surface he 
can take five times as much.” This ex- 
tract from Mr. Henderson’s new book 
would be typical of many recent essays 
on modern work study. He reminds us, 
though, that “work study is not new; it is 
only the more scientific approach which 
has aroused attention”. And this volume, 
as one might expect from the author of 
The Farming Ladder and Farmer's Pro- 
gress, is more than a technical treatise on 
work study. It is a survey of the actual 
jobs which are done on the farm and a 
discussion of how best to set about them. 
Almost every other aspect of farming 
has been written about except this, which 
Mr. Henderson considers the most im- 
portant. He is well qualified to tackle the 
subject. In forty years on the land there 
is not much he has not put his hand to. 

The extract quoted is from a chapter 
entitled “Studying Farm Work”, which is 
as up to date as one could wish. Some of 
the other topics to which he devotes a 
good deal of space are not now so rele- 
vant. Fifteen pages, for instance, instruct 
us in the art of making and thatching a 
rick—-an art which I myself learned in 
the 1930s but have found precious little 
use for in the past ten years or so. He 
has his eye more on prongs, hoes and 
shovels than on combine harvesters and 
manure distributors. 

However, there are thought-provoking 
statements on most pages. On humping 
heavy sacks he says: “The bony frame- 
work (of the body) is so strong that, once 
the load is evenly balanced and rigid, it 
makes little difference whether it be 14 
cwt or 24 cwt, but it (the sack) must be 
tightly tied down to the grain.” On con- 
trolling animals: “Very few people know 
that a hiss is as effective as a shout.” On 
potato-picking, root-singling and the like: 
“A woman’s centre of gravity is about 4 
inches lower than a man’s, and this gives 
her a range of nearly 25 per cent more 
in reaching from a crouching position be- 
fore toppling over.” 
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Briefly, then, this book is about people, 
working on a farm; about the sort of 
thing they have to do and the most econ- 
omical methods (in terms of effort) of 
doing it. It is as technical and informa- 
tive as we could wish and as readable and 
interesting as we would expect from the 
pen of George Henderson. 

RW. 


Native and Adapted Cattle. R. B. KELLEY. 
Angus and Robertson. 45s. 


The immediate object of this book is 
the advocacy of the generalized, but con- 
trolled, use of the zebu for cross-breeding 
with European-type cattle for the de- 
velopment of beef production in tropical 
Australia. Its interest for those uncon- 
nected with that country lies not only in 
the author’s observations concerning 
breeds of tropical cattle, and the manner 
in which he considers how and where 
they can best be used, but chiefly in the 
method of his approach to the specific 
problem confronting him. This can be 
accepted as a model. 

First, he surveys the material available 
to him throughout the world, that is, the 
breeds of indigenous cattle and adapted 
varieties. He examines their background 
in history; assesses the completeness of 
their evolution to meet former require- 
ments; analyses their environment; dis- 
cusses the part they have played in the 
production of new types and breeds 
adapted to hot climates; and selects the 
variety which, through its inherent quali- 
ties, offers the greatest promise of com- 
bining successfully with the incompletely 
adapted European types already in use. 
His aim is the final evolution of a type 
ideally suited to tropical Australian con- 
ditions. 

Then he explains in detail the technique 
to be used in bringing about adaptation 
by deliberate amalgamation of two varie- 
ties of cattle, and how the genetic prin- 
ciples involved can be applied in the 
severe limitations set by practical work- 
ing and economic conditions on both 
large and small ranches. 

The book will be found full of interest 
to all breeders, and can be studied with 
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profit by those concerned with livestock 
development. It presents material con- 
ducive to thought and calling for the 
fullest attention, but it is easily read and 
tellingly illustrated. 

Dr. Kelley is well known in and beyond 
Australia for his work in co-operative 
breeding experiments. He has travelled 
throughout the world and studied on the 
spot the adaptation of cattle to tropical 
conditions. What he writes carries the 
authority of experience, as well as of a 
well-equipped and discerning mind. 

G.W. 


Potato Blight Epidemics throughout the 
World. (Agriculture Handbook No. 
174.) A. E. Cox and E. C. LarGE. Agri- 
cultural Research Service, United States 
Dept. of Agriculture, Washington, D.C. 


This book has been eagerly awaited, 
and it may be described as a notable 
event in international co-operation de- 
signed to increase food supplies. It began 
from a joint scheme put forward by the 
Crop Plant Disease Forecasting Project of 
the U.S. Department of Agriculture and 
the Department of Plant Pathology at the 
University of Wisconsin, the latter being 
specially interested in collecting such 
world data. 

The task of assembling, criticizing and 
co-ordinating the mass of information 
obtained from world literature, corre- 
spondence and personal contacts was en- 
trusted to E. C. Large, plant pathologist 
at the Ministry of Agriculture Plant Path- 
ology Laboratory, Harpenden, and A. E. 
Cox, agriculturist, who undertook most of 
the extensive foreign travel required. 

The study has demonstrated the ex- 
treme complexity of the problem. In 
England, survey and blight forecasting 
schemes were initiated in 1950 and super- 
vised by Large. Records were made, by 
many scattered observers, of first out- 
breaks, and progress of the disease was 
followed in selected crops by means of 
standard assessment keys. From a con- 
sideration of these data, and of “Beau- 
mont” periods of prolonged humidity and 
temperatures not less than 50°F recorded 
by standard weather stations, it is now 
possible to issue warnings of the immi- 
nence of blight epidemics in various parts 
of the country and to advise protective 
spraying. Such accurate timing avoids un- 
necessary trouble and expense, ensures a 
cover on the haulm when required, and 


promotes more effective spraying than 
would otherwise be carried out. 

In addition, a few carefully selected 
spraying trials throughout the country, 
coupled with periodic liftings to obtain 
mean bulking curves for the principal 
varieties, were used to interpret foliage 
observations in terms of mean losses of 
crop caused by defoliation. These, and 
similar studies elsewhere, notably in the 
Netherlands, Ireland and the U.S.A., pro- 
vided a sound basis for a critical study of 
world data. 

The blight fungus has extended its 
world range considerably during the last 
25 years or so, mainly by means of im- 
ported “seed”. Countries most suitable 
for potato growing, i.e., with appropriate 
humidity and mean temperatures around 
60°F in the two months preceding 
maturity, are those most liable to epi- 
demics. Thus blight years and countries 
most liable to the disease may occasion- 
ally be associated with higher yields than 
non-blight years and drier countries. 

Although copper sprays are the most 
persistent, they may depress yields in dry 
weather or where insect injury is preva- 
lent, hence dithiocarbonates are now 
being largely used. 

In potato breeding, continued appear- 
ance of new races of the fungus has frus- 
trated production of immune varieties, 
and more attention is being paid to field 
resistance, effective against all races. In 
some countries, planting early varieties, or 
those with early bulking, may permit 
“disease escape”. 

The monograph contains much highly- 
condensed material on climatology (sum- 
marized by “climagrams”’), and the geo- 
graphy and economics of potato produc- 
tion. It will serve as a great stimulus to 
the application of present knowledge 
throughout the world, and to the fruitful 
intensification of surveys and research. 

Single copies of this book can be ob- 
tained from Agricultural Research Service, 
U.S. Department of Agriculture, Wash- 
ington, D.C. 

L.O. 


Rural Estate Management (4th Edition). 
R. CHARLES WALMSLEY. Estates Gazette. 
65s. 

The publishers claim that this is largely 

a new book, and point to its redesigned 

layout and freshly written chapters by 

new authors. They refer to the re-drafting 
and revision of other chapters. The results 
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are very satisfactory and the appeal of 
the work has been enhanced by these 
improvements; it is, indeed, a thoroughly 
readable book. 

It was widely acclaimed when first 
published in 1948. To call it an encyclo- 
paedia would be wrong, as this title should 
be reserved for more exhaustive (and ex- 
hausting) works. However, it satisfies the 
definition of a compendium by presenting 
to the reader a series of careful, accurate 
and informative essays on many of the 
subjects on which a land agent (or anyone 
else concerned with land management) is 
expected to be informed. In 780 pages of 
excellent printing, the thirty-nine chapters 
give good value for money. 

Practitioners use the book, of course: 
and how invaluable it must be to students! 
The landowner should also benefit by 
devoting a few winter evenings to its 
study; whether he owns a big estate or a 
single farm unit, he can profit by its in- 
formation. Management involves making 
decisions, and estate management deci- 
sions affect people, land and money, and 
are best made only after careful thought, 
and in the light of the best information 
and advice available. 

Many topics are dealt with, so it is im- 
possible to be detailed and authoritative 
on each; but the reader can learn enough 
to know when he ought to take further 
advice, and that is worth a great deal. 

R.G.A.L. 


Know Your Farm Stock. Scottish Asso- 
ciation of Young Farmers’ Clubs. 
10s. 6d. 


Those who enjoyed reading the first 
edition of this informative and lucid book, 
and thereby extended their knowledge of 
farm stock, will welcome the appearance 
of this revised issue. 

The reader, especially the Young 
Farmers’ Club member, is taken pains- 
takingly and step by step through each 
phase of the judging of livestock—from 
the judge’s behaviour to the final assess- 
ment of reasons for his awards according 
to required standards. 

To make the judging of farm stock 
values more uniform this book has been 
rewritten in the trend of modern thought, 
experience and requirements, for the 
special use of young farmers, students and 
indeed for all interested in British live- 
stock. It is prudent to initiate the young 
farmer into established standards of prac- 
tice in judging livestock, and so guide him 
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in later years in the running of his farm 
business, a task which is becoming in- 
creasingly complicated and competitive. 

Awards must be based on standards of 
knowledge of true values and not, as is so 
often the case, on personal likes and dis- 
likes which can be challenged and even 
disproved. 

The sections on farm stock judging, 
dairy and beef cattle, sheep, pigs, poultry 
and horses, although concise, contain 
matter of inestimable worth in the assess- 
ment of livestock values. The illustrations, 
particularly those showing the “points” of 
animals, are of excellent quality. The ap- 
proach to good husbandry, in the present 
cost-conscious times, is not omitted, and 
admirable chapters on common diseases, 
feeding of balanced rations, the use of 
oestrogenic hormones in the production of 
lean meat, and a glossary of livestock 
terms are included. 

It is good to see, even in the days of 
the use of mechanical genius on the farm, 
that space can be found to include the 
noble horse, but more room might have 
been given to meat and to dairy products, 
for which Scotland is justly famed. 

Know Your Farm Stock is written in 
clear, everyday language, with striking 
illustrations that will appeal to all engaged 
or interested in our great livestock in- 
dustry. 

Copies of this book are obtainable from 
the Scottish Association of Young Far- 
mers’ Clubs, 11 Rutland Street, Edinburgh. 

R.A. 


The Farmer’s Dog. JoHN HoLMes. Popular 
Dogs. 21s. 


“As one born and brought up to farm- 
ing,” says John Holmes, The Farmer and 
Stock-Breeder’s expert on farm dogs, “I 
am thoroughly ashamed of the conditions 
under which many farm dogs are kept. If 
this book does nothing more than help to 
improve some of those conditions it will 
have served a good purpose.” 

I for one have had twinges of con- 
science, as I read this book and was re- 
minded of all the mistakes I had made 
with my dogs during my farming life. In 
the very first chapter the common fallacy 
that it is necessary to have an old dog to 
“teach” a young one, is exploded. Also, 
although a young dog may be cured of 
chasing cars and bicycles by giving him a 
good hiding, we must not be surprised if 
afterwards he refuses to chase or herd 
anything at all. The extreme punishment 
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for a disobedient animal should be to lift 
him by the scruff of the neck and shake 
him. 

The author repeatedly emphasizes that 
good dogs love work; they regard it as a 
reward, Indeed, in the trial-bred collie the 
working instinct has been developed to 
such an extent that it is often stronger 
than the sex instinct. 

Mr. Holmes believes that a good dog 
cannot be spoiled by living indoors and 
being fussed over by the wife and kids; he 
quotes instances to show how difficult 
dogs have been greatly improved by such 
domestic favour. 

From the basic principles the author 
proceeds to advanced training, and gives 
not only lucid details but a series of de- 
lightful and practical photographs, includ- 
ing some instructive ones of dogs being 
taught to herd ducks. Though the book 
deals mostly with collies, it also praises 
other breeds, including the often neglected 
Corgi, which is bred for work rather than 
urban luxury. 

On closing the book, I reflected that 
though Mr. Holmes set out with the 
ostensible purpose of explaining how to 
train farm dogs, he has made a wonderful 
job of pointing the way to better dog 
ownership! 

RW. 


The Advancement of Science. British As- 
sociation for the Advancement of 
Science. (Published six times a year.) 
Ts. 6d. 


To present science more effectively to 
lay audiences all over the country and 
throughout the year, and to keep scientists 
abreast of progress in fields other than 
their own, the British Association have 
increased the scope of their Journal. The 
Advancement of Science will now appear 
six times a year instead of four, and will 
include articles specially written for it, as 
well as papers read at the Association’s 
meetings, notes and comments on matters 
of interest, and reviews of books and 
films. 

The first issue of the Journal in its new 
style ranges widely in discussion; for ex- 
ample, from problems of the moon to the 
recent development of Greater London, 
and from teaching science to juniors by 
the discovery method to some aspects of 
crystal physics. Of particular interest is 
Sir William Slater’s brief survey of present 
challenges to agricultural research. 

It goes without saying that all the 


articles are authoritative: they also have 
the rarer virtue of clarity, and are very 


attractively presented. 
A.M.R. 


The Rhododendron and Camellia Year 
Book, 1960. The Royal Horticultural 
Society. 12s. 6d. 


Anyone who is not yet a rhododendron 
or camellia fan is likely to become one 
after reading this delightful book, which 
contains 176 pages, and is well illustrated 
with photographs of plants from various 
parts of the world. 

One of the most interesting features is 
a symposium entitled “Aims in breeding 
rhododendrons, including azaleas”, to 
which some of our best known breeders 
have contributed. The views of Francis 
Hanger are particularly valuable, for, as 
he says, with some 700 to 800 species to 
choose from, the possibilities are im- 
mense. He suggests that “the breeding of 
hardy medium-sized rhododendrons for 
everyman’s garden, to withstand full sun” 
is of paramount importance. The attrac- 
tive species Rhododendron yakusimanum, 
he says, has all the qualities to attain this 
ambition. If it is used as the female seed- 
bearing plant, the progeny will retain the 
dwarf compact habit, and also flower at a 
very early age (some crosses as early as 
23 years from seed). 

Mr. G. Donald Waterer puts forward 
the point of view of the nurseryman, who 
must, in his opinion, look ahead. Owners 
of small gardens value good healthy 
foliage as highly as they value the flowers. 

Thirty-nine popular Camellia japonica 
varieties are adequately described by 
Charles Puddle and Francis Hanger. These 
descriptions are most valuable in view of 
the great interest now being taken in these 
varieties, and the ease and speed with 
which they can be propagated under 
“mist irrigation”. Moreover, those unfor- 
tunate gardeners who, like myself, have to 
garden on very alkaline soils, will now be 
able to grow camellias successfully with 
the use of iron sequestrenes and peat. 
There is also an increasing demand for 
japonica foliage, which cannot be met for 
ever by supplies from old private gardens, 
the source of most of the material now 
sold in the markets. 

Numerous articles on rhododendrons 
and camellias growing in many parts of 
the world, together with some photo- 
graphs of curiously clipped trees of ca- 
mellia in the vicinity of Braga in Portu- 
gal, are to be found in this volume. 
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Colonel Durrant writes attractively of 
camellias in New Zealand, where many 
thousands are planted each year, and they 
now mean very big business to nursery- 
men. He ends his contribution with the 
belief that with New Zealand’s admirable 
climate, ample rainfall and generally suit- 
able soil types, camellias will flourish as 
nowhere else in the world. 
WC.l. 


Garden Shrubs and Trees. (Kew Series, 


Vol. 4). S. G. Harrison. Eyre and 
Spottiswoode. 25s. 
A companion to British Trees and 


Shrubs (Kew Series, Vol. 2), this book 
deals mainly with woody plants which 
are not native, but can be cultivated out 
of doors in Britain; though horticultur- 
ally-important British species are men- 
tioned. 

Species are grouped in families, and 
botanical terms are used in the descrip- 
tions, but the structure and function of 
the parts of the plants and the nomencla- 
ture used are clearly explained, and there 
is a good glossary, so non-botanists need 
not be deterred. Countries of origin, his- 
torical background and earliest dates of 
introduction of our cultivated shrubs and 
trees are summarized, and the origin of 
each species is stated, often providing a 
clue to the cultural conditions required. 
There is a key based on stems, leaves, 
flowers and fruit, which enables readers to 
name specimens, provided that they have 
seen all stages. Fifteen beautifully- 
coloured plates and numerous delightful 
drawings help to confirm the identifica- 
tions. 

Plants described range from diminutive 
shrubs for the rockery to trees 100 ft high 
when fully grown. Most are hardy, but a 
few are only suitable for sheltered situa- 
tions or mild districts, and this is made 


clear. Soil preferences are also noted, and 
where male and female flowers are borne 
on separate plants this is usually stated 
under the family, if not the species. In a 
few instances where parts of the plant are 
poisonous a warning is given, but farmers 
will wish that the undesirability of plant- 
ing yew within reach of stock had been 
mentioned. However, they will appreciate 
the note on the over-wintering of aphids 
on Euonymus. 

The relative merits of closely related 
species and varieties are discussed. All the 
old favourites are included, and some 
beautiful and easily-grown species rarely 
seen in private gardens are described. In- 
deed, this book is full of admirable sug- 
gestions of plants suitable for various 
purposes and positions, which are readily 
obtainable from nurserymen. Methods of 
propagation are not given, but the biblio- 
graphy refers to books dealing with shrub- 
and tree-growing in greater detail than is 
possible in this compact volume. 

J.M.T. 
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Workers. Forestry Commission Booklet 
No. 5. H.M. Stationery Office. 4s. (4s. 4d. 
by post). 

Farm and Experiments. (Obtainable free 
from the Librarian, The West of Scotland 
Agricultural College, Oswald Hall, Auch- 
incruive, Ayr.) 

Laboratory Guide to Plant Anatomy. K. 
Esau. Chapman and Hall (London), Wiley 
(New York). 6s. 

Pig Keeping. W. D. Beck. Faber and 
Faber. 25s. 

Rural Industries Bureau Annual Report, 
1959-60. 1s. 6d. 

Winegrowers of France and the Govern- 
ment Since 1875. Charles K. Warner. Ox- 
ford University Press. 48s. 





York House, Kingsway, London W.C.2 
18a Castle Street, Edinburgh 2 

39 King Street, Manchester 2 

2 Edmund Street, Birmingham 8 





AGRICULTURE 


Price Is. net monthlv (by post 1s. 4d.). 


Subscription Rates (including postage): 
Home and Commonwealth: 14s. per annum. Foreign Countries: 15s. per annum 


Subscriptions may start with any issue and should be sent to 
HER MAJESTY’'S STATIONERY OFFICE 


423 Oxford Street, London W.1 
109 St. Mary Street, Cardiff 

1 Tower Lane, Bristol 1 

80 Chichester Street, Belfast 


Single copies can be purchased from any of the above-mentioned 
addresses or through a bookseller, price Is. 








Printed in ~~ ‘under the authority of HER Masesty’s STATIONERY OFFICE 
and Sons Limited, Guildford and London. 


Ww 
w 
i) 


AGRICULTURE Advertisements 


AVERAGE IN GALLONS SILCOCK FED AND 


| These / 
wf ae the / sem 
facts 


1000 + 
NOT SILCOCK FED 
HERDS 
950 
Graph prepared from National Milk Record Reports 1954-59 
900 


1954 1955 1956 1957 1958 1959 


This is what happened among the herds that appeared ESV ere leq. 
in National Milk Record Reports throughout England 
and Wales over the last five years. Note the average yield 
of Silcock-fed-and-rationed herds which last year rose - 
by 77 gallons while those from non-Silcock-fed herds 
remained much where they were ... it will certainly 
pay you to ask your Silcock Agent about the 
PLAN 
R. Silcock & Sons Ltd Stanley Hall Liverpool 3 


Please mention AGRICULTURE when corresponding with Advertisers 








AGRICULTURE Advertisements 


FIVE 


financial aids 
~" to Farmers 


AN 
af 
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phrase. Here, in the brief statement of the Bank’s policy which follows, 
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Applications close, in Australia and 
London, on 30th September, 1960. 
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By Af: ointment to 
H.M. Queen Elizabeth 11. 
Manufacturers of Animal Feeding Stuffs 


a -1e | Uler—-mer-lima-r-lalate| 





“™ PAULS 


CALCREAM and 
CALF STARTER 


Farm tests show that early weaned calves fed 

on Pauls “‘Calcream” Calf Milk Substitute and Pauls 
Calf Starter will make progress equal to calves reared 
on traditional amounts of whole milk and produce 


a cash saving of £9.12.6 per calf. 


PAULS CALCREAM 
Replaces whole milk from 5 days of age—easy to mix— 
economical to use. 


PAULS COARSE CALF STARTER V.A. 
and CALF STARTER NUTLETS V.A. 
Highly palatable to encourage dry food consumption at an 
early age—fully mineralised and vitaminised—promotes 
healthy, rapid growth. 





R.& W. PAUL LTD 


Mills at LONDON « IPSWICH » AVONMOUTH 
MANCHESTER ®* HULL ' KING'S LYNN * FAVERSHAM 






THE SIGN OF ; 
SCIENTIFIC FEEDING 
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“NITRO-CHALK’' 15°5 

*“NITRO-CHALK' 21 

‘“KAYNITRO' 

SULPHATE OF AMMONIA 

OF o4 Mame OLolalet-Jalig-i-1- ME Cfolasloli-t1-0e of -ladiib 4-13 
ORDER YOUR ct FERT: 
ANB SAVE MONEY 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 
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